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INTRODUCTION

In a previous study (Belkin 1962:15-18) I alluded to the extraordinary na-
ture and taxonomic importance of the mosquito fauna of New Zealand and out-
lying islands. All but 1 of the indigenous species of this fauna are endemic and
the majority of these appear to have retained more significant primitive fea-
tures than any other living representatives of their respective phylads. The
desirability of a thorough knowledge of this relict mosquito fauna from the
standpoint of composition, distribution and detailed knowledge of the individual
species cannot be overemphasized for studies on the morphology and phylogeny
of the Culicidae and their biogeography. Unfortunately even at the conclusion
of the above-mentioned study only very fragmentary knowledge of this fauna was
available and very little material for more detailed studies was to be found in
museums outside of New Zealand.

The present study is based primarily on material collected by myself and
Donald A. Schroeder in 1963-1964. Additional specimens have been kindly pro-
vided by L.J. Dumbleton, D.A. Forsyth and E.R. Nye. I have also examined
the collections at the Auckland Museum (AUCK), Canterbury Museum (CANT)
and at the Department of Scientific and Industrial Research, Nelson (NELS). I
thank all the above individuals and institutions and also Roy Elliott, E. S. Gour-
lay, D.D. McCarthy, J.S. Pillai and particularly C. Arthur and Mary K.
Schroeder for innumerable favors and assistance during my brief visit in New
Zealand. I am also indebted to Patricia Donnelly for a preliminary study of the
larval and pupal chaetotaxy of Nothodixa campbelli and Paradixa fuscinervis,
carried on as a research problem in the Department of Zoology, University of
California, Los Angeles. Thomas J. Zavortink, O. George W. Berlin and Sandra
J. Heinemann prepared and checked most of the material for this study. The
preliminary drawings were made by Rainer Beck and Anne Acevedo and the
final drawings were all made by Sharon Burmeister. Without their arduous toil
this study could not have been completed and I am most grateful to all of them
for expert assistance.

Nearly 20, 000 specimens (1376 &, 1844 2, 13662 larvae, 2706 pupae), rep-
resenting all the 24 recognized species and including more than 1000 individual
rearings (580 larval, 364 pupal, 100 incomplete) of 19 species, were examined
during this study. Some material of both sexes and all stages was studied for
all species except as follows: (1) no females or immature stages of Neodixa
minuta, (2) no males or immature stages of Nothodixa philpotti, (3) no imma-
ture stages of Nothodixa otagensis, (4) no females of Nothodixa septentrionalis,
(5) no larvae of Coquillettidia tenuipalpis, (6) no larvae of Coquillettidia ira-
cunda, and (7) no immature stages of Corethrella novaezealandiae.

The primary objectives of this publication are to describe and figure in
some detail previously unrecognized species or stages and to provide more
complete descriptions and illustrations of those New Zealand species which are
the types of generic group taxa. Special emphasis is given to the morphology
of the poorly known Dixinae. I have also taken this opportunity to present a re-
view of previously published data on New Zealand Culicidae to provide a basis
for more detailed future studies which I hope will be undertaken by New Zealand
investigators.

The methods of study and presentation are essentially similar to those I
used in ""The Mosquitoes of the South Pacific'" (Belkin 1962). A few modifica-
tions in the terminology are introduced and explained in the general discussions
of the Dixinae and Culicinae. In the illustrations only some pertinent details
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are shown and many features have been eliminated. This applies particularly
to illustrations of adults where the scale patternis usually not shown and to the
figures of leg segments which are designed merely to indicate the proportions.

Because of paucity of published information of the bionomics and distribu-
tion of New Zealand Culicidae I have included an Appendix in which the data on
our collections are summarized and have provided detailed distribution lists
and maps for each species. The collection data are not repeated in the lists
but can be obtained from Appendix A by reference to the collection number
which is identified by the code NZ. The numbers on the detailed distribution
maps also refer to the NZ collection numbers in Appendix A.

In the distribution lists, the arrangements of localities is from north to
south and west to east, grouped under the land districts except for the islands
of Hauraki Gulf which are listed individually after the North Auckland land dis-
trict. Included in these lists are all other records of material I have examined
as well as some published records of specimens I have not seen but consider
reliable. All these miscellaneous records are indicated on the detailed distri-
bution maps but without collection numbers.

MORPHOLOGY

Basic to phylogenetic studiesis the determination of primitive (plesiomorph)
and derived (apomorph) states of various attributes. In this respect, the culi-
cids of New Zealand hold a unique position because in nearly every indigenous
phylad many primitive characters have been retained and because both the Dix-
inae and Culicinae are well represented. As one of the main criteria available
for determining the primitive states in a group without a good paleontological
record is comparison with the conditions exhibited in coordinate taxa, I have
made a special effort to study the morphology of the Dixinae in order to deter-
mine the probable primitive states of various attributes in the Culicinae.

Due to the lack of material from Southeast Australia, Tasmania, Chile and
Patagonia, thorough detailed comparative morphological studies could not be
carried out during this investigation. However, the preliminary studies on the
Dixinae of New Zealand (see) suggest that this group holds the key to under-
standing the morphological composition of the male genitalia of the Culicinae as
has been shown to be the case by Martini (1923) for the morphology and chaeto-
taxy of the caudal abdominal segments of the larvae. I have proposed a new
morphological terminology for the components of the phallosome of the Dixinae
which is discussed under that subfamily and is illustratedin fig. 7. One of these
components, the opisthophallus, is recognized here for the first time in the Cu-
licinae (see). Detailed comparative studies of the immature stages of the Dix-
inae of New Zealand have led to some corrections and a reinterpretation of the
chaetotaxy with the result that the pattern is so similar to that of the Culicinae
that there is little doubt that it is truly homologous in the 2 groups.

In the discussion of the Culicinae (see), I have indicated what I believe to
be primitive states for some characters of this group exhibited by New Zealand
species. Almost all of these are similar to those of New Zealand Dixinae but
some are unique developments of the Culicinae.
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SYSTEMATICS AND BIOGEOGRAPHY

Although our current knowledge of the culicid fauna of New Zealand is still
fragmentary some speculations regarding its affinity, originand evolution seem
warranted. I have summarized my views on these matters in the discussions
of the Dixinae and Culicinae, which are both well represented in New Zealand.
The details of the probable affinities are dealt with under the individual species
and groups. Here only a general summary and broad generalizations are pre-
sented.

Of the 24 species definitely known to occur in New Zealand, Culex (C.)
quinquefasciatus is undoubtedly a recent introduction and Aedes (F.) notoscrip-
tus was probably alsointroduced subsequent to the colonization of New Zealand.
Of the remaining 22 species, only Aedes (H.) australis is known outside of the
New Zealand area. Three monotypic genera (Neodixa, Opifex and Maorigoel-
dia) and 3 monotypic subgenera (Austromansonia, Nothoskusea and Notocoreth-
rella) are recognized for New Zealand species. Only a few of the other endemic
species appear to have close relatives anywhere in the world.

The culicid fauna of New Zealand is a well balanced one, with a represen-
tation of all 3 subfamilies and all the major phyletic lines within each of these
except the Chaoborinae. The poor representation of the latter may be due at
least in part to the predaceous nature of the larvae. Nearly all the major phy-
letic lines present in New Zealand appear to be ancient ones and within these,
the individual elements seem to have retained a greater number of signifi-
cant primitive features than anyother living representatives of their respective
phylads. The apparent absence of certain groups generally considered to be
"primitive, ' especially the tribes Anophelini, Toxorhynchitini and Uranotaeni-
ini, is very striking. I submit that these phylads failed to invade New Zealand
either because of their absence in the source areas or their representation
there by species with poor dispersal powers or limited adaptability to new en-
vironments at the time that dispersal routes were available. Neither the Tox-
orhynchitini nor the Uranotaeniini are now known from Southeast Australia-
Tasmania. The Anophelini are represented by a number of apparently ancient
relict species in these areas and it is possible that they did reach New Zealand
but have not been able to survive.

A striking feature of the fauna is the presence of only 2 indigenous contain-
er breeders, Maorigoeldia argyropus and Culex (C.) asteliae, all the remain-
ing indigenous forms being ground water breeders. It appears that the spe-
cialized container habitat was first utilized in the Culicinae by the Sabethini
which show the most striking derived features in the larval stage and are all
container breeders. The utilization of this habitat appears to beincipient in the
ancient stocks of Culicini as shown by the facultative use of large treeholes by
many species of Culex (Culex) and the derivation of Culex (C.) asteliae from the
pervigilans stock in New Zealand. The absence of indigenous container breed-
ers in the Aedini of New Zealand suggests that this habit had not been acquired
by the more ancient stocks of the tribe at the time of its entry of New Zealand.

The majority of New Zealand species appear to have moderate powers of
dispersal and great ability to survive in small populations as shown by their
presence on small islands in Hauraki Gulf, such as Little Barrier Island.

There is relatively little geographical differentiationin the culicid fauna of
New Zealand; most species occur throughout the main islands and adjacent is-
lets. The significant exceptions are: (1) Aedes (N.) chathamicus, restricted to
Chatham Island, (2) Aedes (H.) australis and Aedes (O.) subalbirostris, re-
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stricted to the southern part of South Island, and (3) several relict species in
the Dixinae (see). In the widespreadspecies, there is little indication of differ-
entiation in the different populations except to a limited degree in Culex (C.)
pervigilans.

In general, each phyletic line is represented by a single species in New
Zealand. The only exceptions are in the Dixinae (see) and the Culex pervigilans
complex. Speciation within New Zealand in both these instances appears to
have occurred through isolation, accompanied by ecological (Culex, Nothodixa)
or genitalic (Paradixa) barriers.

The affinities of the culicid fauna of New Zealand are largely with the fauna
of Southeast Australia-Tasmania. Only the genera Nothodixa and Neodixa show
definite relationship with the fauna of both South Chile-Patagonia and Southeast
Australia-Tasmania. The affinities in all but 1 or 2 cases are not very close
and in nearly all these instances the New Zealand species have retained more
primitive features than their relatives and therefore it appears that they could
not have derived directly from the latter. In several instances, apparent rela-
tives of New Zealand stocks, and in some cases Australian as well, are found
in the Northern Hemisphere, notably in Paradixa, Culex (C.) pervigilans, Cu-
liseta (Climacura), Coquillettidia (C.) and Aedes (Ochlerotatus).

At least 3 waves of dispersal probably took place in the population of New
Zealand by culicid stocks. The earliest involved only the Nothodixa-Neodixa
line and occurred probably at the same time as the classical southern hemi-
sphere dispersals of plants. Evidently the other culicid stocks were not pres-
ent in the source areas at this time. The second dispersal involved the bulk of
the culicid fauna of New Zealand after the connection (direct or indirect) with
South America was broken. There is a suggestion that 2 separate waves may
have been involved in this dispersal in the separation of Opifex and Aedes (N.)
chathamicus, the presence of different lineages in Paradixa, and the slight dif-
ferentiation between the elements on North Island and South Island. The final
dispersal is a much more recent one, involving apparently only Aedes (H.) aus-
tralis.

In summary, the indigenous culicid fauna of New Zealand has all the ear-
marks of an ancient continental fauna, probably largely Mesozoic in origin.
The land connections for the dispersals need not but may have been continuous;
relatively short barriers may have been efficient filters at certain times and
may account for the absence of a few ancient stocks. On the other hand, the
barriers probably were not very great at other times as the Sabethini and the
Dixinae, which are apparently incapable of crossing extensive ocean barriers,
were able to reach New Zealand. Subsequent to the isolation of the New Zea-
land area and coincident with later geological changes a limited geographical
differentiation of the original Mesozoic culicid fauna has taken place without any
additions (except perhaps for Aedes (H.) australis) from external sources until
the introduction through human agency of Culex (C.) quinquefasciatus and prob-
ably Aedes (F.) notoscriptus. In the course of time there has probably been
considerable attrition in the culicid fauna, only those species surviving that
have been able to adapt to the great environmental changes since the Mesozoic.
This, I believe is shown by the great plasticity of the majority of present day
forms in their ability to utilize a wide range of habitats and in their considera-
ble tolerance of temperature and salinity.

As I have indicated earlier (Belkin 1962:58), the most likely places for the
ultimate origin of the stocks which populated New Zealand and the other South
Pacific islands are islands in the tropical unstable Old World intercontinental
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area. Even the so-called antarctic element represented by Nothodixa-Neodixa
could have had its ultimate origin in this area and dispersed only to the south
because of the availability of dispersal routes only in this direction. This in-
tercontinental origin of new types would explain also the presence of related but
distinct stocks in the northern and southern hemispheres, as in the case of Pa-
radixa, Culex (C.) pervigilans, Culiseta (Climacura), Coquillettidia (C.) and

Aedes (Ochlerotatus), by the dispersal of a new type from the intercontinental
area to both hemispheres because of availability of dispersal routes and subse-
quent independent evolution in widely separated areas.

KEYS TO SUBFAMILIES

Adults
1. Mouthparts long, labium forming a long rigid proboscis . . . Culicinae
Mouthparts short, labium not elongated into a rigid proboscis . . . . 2

2(1). Wing veins without or with only a few inconspicuous short hairs; vein Sc
ending on wing margin near level of furcationof R . . . . . Dixinae

Wing veins with numerous long hairs or hairlike scales; vein Sc ending

on wing margin distinctly distad of furcation of R (24. Corethrella no-
vaezealandiae) . . . . . . . . . . . . . . . . . . . Chaoborinae

Male Genitalia

1. A d1st1nct paramere developed between the basal piece and aedeagus
. Culicinae
Aedeagal sclerltes artlculatlng d1rect1y W1th basal p1ece e e e e e 2

2(1). Phallosome very simple, consisting of a poorly developed basal piece
and projecting aedeagal sclerites, which are not bent back into an
aedeagal pouch (24. Corethrella novaezealandlae) . . . Chaoborinae

Phallosome complex, basal piece strongly developed, prosophallus or
opisthophallus or both strongly developed, aedeagal pouchalways pres-

ent, penis filament sometimes developed . . . . . . . . . Dixinae
Pupae
1. Abdominal tergites with incomplete submedian transverse ridges; seg-
ment IX well developed, distinct sternally. . . . . . . . . Dixinae
Abdominal tergites without submedian transverse ridges; segment IX
poorly developed, indistinct sternally. . . . . . . . . . . . . . 2

2(1). Paddles fused at base, not articulated or trumpet without pinna or trach-
eoid but with large ovoid reticulate meatus and small apical process

. Chaoborinae

Paddles always separate and artlculated at base and trumpet usually with

pinna; if pinna indistinct then trumpet without large ovoid reticulate

meatus and small apical process. . . . . . . . . . . . .Culicinae

Larvae

1. Venter of abdominal segments I or I and II with shortunsegmented paired
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lobes (prolegs) ending in recurved spines; thoracic segments same
width as abdominal and rather distinctly separated . . . . . Dixinae
Venter of abdominal segments I and II without such lobes; thoracic seg-
ments consolidated into a single mass wider than abdominal segments
and not segmented . . . . . . . . . . . o000 00000 2

2(1). Mouthbrushes completely absent or represented at most by about 5 long

bristlelike spicules . . . . . « . . . Chaoborinae
Mouthbrushes always well developed usually Very numerous, rarely re-
duced to about 10 heavy long flattened spines. . . . . . . .Culicinae

SUBFAMILY DIXINAE
The Dixa Midges

Dixa midges are readily recognized from true mosquitoes by the charac-
ters given in the key to the subfamilies. A general account of the subfamily
with emphasis on New Zealand forms is given by Belkin (1962:93-96) to which
the following additions and corrections based on a more detailed examination
during the present study should be added.

MALE GENITALIA. A thorough comparative study of the male genitalia of
the Dixinae has not been made yet but it appears from even a cursory examina-
tion of the New Zealand species and a few extralimital forms that the Dixinae
hold the key tounderstanding the morphological composition of the male genitalia
of the Culicinae. There is a bewildering array of specializations of the basic
sclerotizations and apodemes associated with the genital opening, intromittent
organ, sidepiece and proctiger developed from a very generalized primitive
type which is perhaps best represented in the New Zealand species of Nothodixa
and Paradixa.

For the present I am continuing the terminology I have used in the past
(Belkin 1962) and I am introducing only a few new terms which are discussed
here and illustrated in fig.7. In this discussion the usual descriptive taxo-
nomic terminology of orientation will be used and the morphological relation-
ships will be mentioned only when they are obvious or necessary.

The basic support and articulation points for all sclerites associated with
the phallosome complex and proctiger are provided directly or indirectly by a
highly complex apodeme, the basal piece, which appears to be primarily a de-
velopment from the mesal dorsal angle of the sidepiece, although primitively
it may have been an apodeme from the entire mesal margin of the sidepiece or
from both its dorsal and ventral mesal angles. In the Dixinae the basal piece
is much more extensive and complex than in most Culicinae. I distinguish 2
parts in the basal piece, the distal division (ventral) which projects inside the
sidepiece itself and the proximal division (dorsal) which projects inside seg-
ment IX. The 2 divisions are continuous and it is not always possible to sepa-
rate them distinctly; certain portions of either division may acquire articular
points.

Although very complex, the phallosome of New Zealand Paradixa seems to
be the most primitive in the entire family. I recognize 3 basic components:
(1) a ventral prosophallus or claspette, (2) the phallus proper and (3) a dorsal
opisthophallus or dorsal claspette.

The prosophallus consists of a transverse lobe between the mesal ventral
edges of the 2 sidepieces. It is supported by a simple transverse sclerite




Belkin: Culicidae of New Zealand . 9

(prosophallic sclerite) which is joined on each side to a ventral arm of the dis-
tal division of the basal piece. The prosophallus is probably the homolog of
the claspette of the Culicinae. In the Dixinae it is variously modified into me-
dian or submedian processes along its distal margin and may be separated into
basal and distal portions which, however, are continuous. Ventrad of the pro-
sophallus is a small depression (sternal pocket) between the posterior margin
of sternite IX and the base of the 2 sidepieces which meet at the bottom of the
depression.

The phallus is the median lobe associated with the gonopore. In New Zea-
land Paradixa its support is provided by a sclerite (aedeagal sclerite) on each
side connected to the central part of the proximal division of the basal piece.
In other Dixinae (e.g. N.Z. Nothodixa) it becomes articulated with a long pro-
cess from the latter. This process through further differentiation and articu-
lation, I believe, becomes the paramere of the Culicinae. The aedeagal scle-
rites proper form the aedeagus and may become completely fused on the dorsal
surface butare usually at least partially separated on the ventral surface of the
phallus. o

The gonopore in New Zealand Paradixa is always ventrad (morphologically
cephalad) of the aedeagal sclerites. It is usually in a depressed membrane be-
tween the aedeagal sclerites and the prosophallic sclerite but in harrisi it is
located within the apex of the proximal division of the prosophallic sclerite. It
is possible that the latter condition is the primitive one but this cannot be re-
solved without extensive comparative study of related families. I have noted in
some North American Dixinae similar sclerotizations around the gonopore ap-
parently derived from a proximal division of the prosophallus.

The opisthophallus consists of a transverse lobe between the mesal dorsal
edges of the 2 sidepieces. It is dorsad (morphologically caudad) of the phal-
lus and lies between the latter and the venter of the proctiger. I believe that
the opisthophallus belongs to the 9th abdominal segment but have made no at-
tempt to determine its exact morphological composition. The opisthophallus
is supported on each side by a sclerite (opisthophallalic or lateral sclerite)
articulated with the outer part of the proximal division of the basal piece. In
New Zealand Paradixa the opisthophallus is very complex and its lateral scle-
rite articulates dorsally with the ventrolateral sclerite of the proctiger. .In
New Zealand Nothodixa the opisthophallus is a relatively simple large lobe
whose lateral sclerites are poorly sclerotized and do not articulate with the
membranous proctiger distally. The opisthophallus has not been studied or
even recognized in the majority of Culicinae. However, it is evident that it is
strongly developed in some forms, notably in Maorigoeldia and in the subgenus
Verrallina of Aedes. ‘

The phallic complex in New Zealand species of Nothodixa is of considerable
interest since it appears to represent a very primitive condition which may
explain the derivation of the penis sheath and penis filament in other species of
Nothodixa and various extralimital paradixines. In the New Zealand species
the parameres are very long slender capitate apodemes which project caudo-
mesad to articulate with a moderately sclerotized cordate median plate located
at the dorsal end of a median longitudinal depression bounded at the ventral end
by the prosophallus and supported laterally by a pair of submedian longitudinal
lightly sclerotized processes from the prosophallus. This depression is prob-
ably homologous with the aedeagal pouch of Spielman (1964, 1966) and the
phallotheca of Snodgrass (1935). The cordate median plate I consider to be
composed of fused aedeagal sclerites. At the apex (anterior end) of the cor-
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date plate is a small scoop-shaped, rounded, heavily-sclerotized median pro-
cess which is continued ventrally into the aedeagal pouch as a short slender

curved free median penis filament. This filament appears to have an open
groove on one surface and it is probably the actual intromittent organ which

probably enters the distal end of the spermathecal duct of the female in copu-
lation. I think it is very likely that the penis filament is also developed from
the aedeagal sclerites. It is possible, however, that the apical process of the
cordate plate is derived from the proximal division of the prosophallus, that it
surrounds the gonopore as in P. harrisi, and that it is joined to the aedeagal
sclerites secondarily. I have not been able to determine exactly the relation-

ship of the gonopore to the penis filament but it is probably located in the vicin-
ity of the apical process of the cordate plate which bears a striking resemblance
to a structure found at the ventral base of the aedeagus near the gonopore in

many Culicinae.

Nothodixa chilensis Alexander, 1913 shows a further step in the evolution
of the penis filament and the development of the penis sheath. 1In this species
the parameres are very short, transverse and heavy and are broadly joined to
the heavily-sclerotized posterolateral walls (aedeagal sclerites) of the aedea-
gal pouch which is very deep and narrow. The base (anterior end) of the
aedeagal pouch is developed into a very narrow invagination (the penis sheath)
projecting into the body. The penis filament arises at the fused bases of the 2
aedeagal sclerites and projects into the invagination cephalad along its dorsal
wall then curves back distad along its ventral wall and finally dorsad between
the narrowed lips of the aedeagal cup to emerge free a considerable distance
above its base. The proximal part of the penis filament appears to be solid
and part of the posterior wall of the aedeagal pouch. Therefore it is possible
that the true penis filament is the free distal, grooved part only.

Two South American species of Nothodixa (ensifera and nitida, both Ed-
wards, 1930) are noted for the development of an external penis sheath con-
taining the penis filament; in ensifera this sheath is longer than the entire ab-
domen. I have not studied the morphology of the phallosome of these species
but it seems probable that the penis sheath of these species is nothing more
than an external evagination of the distal part of the aedeagal pouch which in-
stead of projecting into the body, has been evaginated in the area dorsad of the
prosophallus to accommodate the excessively long penis filament.

Elongate penis filaments located in internal sheaths in general similar to
but often much longer than in Nothodixa chilensis are known in a number of
paradixines, e.g. californica Johannsen, 1923 and Dixina solomonis Belkin,
1962. In californica the dorsal and ventral walls of the penis sheath are
strongly sclerotized, these sclerotizations being continuous with those of the
base of the aedeagal sclerites and of the submedian processes of the prosophal-
lus. The free penis filament arises from the ventral wall deep within the penis
sheath and curves along the ventral wall. Peters and Cook (1966) and others
have used incorrectly the term "ejaculatory duct'" for the penis filament of the
Dixinae.

It is of interest that the 1ntrom1ttent organ (aedeagus, penis filament) in
the Culicidae is withdrawn at rest into a pouch (aedeagal pouch, penis sheath)
and that the gonopore lies nearits base on the ventral surface (morphologically
anterior) and not at its apparent apex. I suggested (Belkin 1962:178) that in Cu-
lex the aedeagus proper is deeply retracted at rest and Spielman (1964, 1966)
has demonstrated this and shown the relationship of the gonopore to the aedea-
gus in Aedes aegypti and Culex quinquefasciatus. It appears that in most Culi-
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cinae the aedeagus is not a tubular structure but is troughlike on its ventral
surface which is largely membranous and that within this membrane lies the
gonopore. I have shown above that in New Zealand Nothodixa the penis filament
is withdrawn at rest deep into the aedeagal pouch. In New Zealand Paradixa the
aedeagal sclerites are also withdrawn at rest into a shallow depression between
the sidepieces and the prosophallus and are folded back against a median pro-
cess of the distal division of the prosophallus so that the gonopore lies hidden
in a small pocket ventrad of them.

The proctiger of the Dixinae also shows much differentiation which may be
of taxonomic significance. In many forms (e.g. New Zealand Nothodixa, many
other Dixini and apparently some Paradixini) it has no distinct sclerotizations
and the cercal lobe is large and bears many setae. In New Zealand Paradixa
strong basolateral sclerotizations with spinelike processes are developed and
are articulated at base with the lateral sclerite of the opisthophallus. In this
group the cercal setae are few in number and are borne on a distinct process
which may be short or very long.

The ninth segment is strongly developed in all Dixinae and exhibits much
differentiation in various groups. Its tergite is greatly enlarged in species or
groups in which the opisthophallus and the proctiger are strongly developed,
as in New Zealand Paradixa. In the latter, the lateral tergite of the opistho-
phallus appears as a posterior lateral piece of abdominal tergite IX.

The sidepiece and clasper are the only parts of the male genitalia of the
Dixinae which have attracted wide attention in the past. Because of very strong
specific differentiation in the size, shape and lobes of these structures, the
sidepiece and clasper have been the primary means of recognizing and diag-
nosing species and most workers have not gone beyond this point in studying
the genitalia. None of these specializations appear to have any significant
value in recognizing natural groups or evolutionary lines.

FEMALE GENITALIA. The female genitalia of the Dixinae of New Zea-
land have not been studied in detail and little attention has been paid to them
elsewhere until the work of Peters and Cook (1966). These authors figured
them for many North American species but did not attempt to use them in the
classification of the group. There appear to be many different developments
in the bursa copulatrix and it seems probable that these are correlated with
developments of the phallosome complex of the male genitalia. Therefore it is
likely that a detailed study of the female genitalia will prove to be of value in
developing a natural classification of the Dixinae.

GENERAL ADULT MORPHOLOGY. There is a remarkable uniformity in
the general external morphology of the adults and very few good taxonomic
characters have been found. The length of the antenna and the shape of the
flagellar segments show the most striking differentiation and form the basis
for the separation of the subfamily into 2 tribes, Dixini and Paradixini. Dif-
ferences in wing venation are present but their usefulness for classification is
limited because of convergence or parallelism in unrelated lines. Color pat-
terns of the body and wings are useful only at the specific level. Secondary
sexual characters of the legs of the male and of the hindtibia may be of some
value in classification but have not been studied extensively.

CHAETOTAXY OF IMMATURE STAGES. As a result of a comparative
study of the larvae and pupae of species from New Zealand some corrections
have been made in my former interpretation of the chaetotaxy of the Dixinae
(Belkin 1962:94) as indicated in the figures and explained below.

In the pupa, cephalothoracic hair 1-C may be present and it may be possi-
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ble that 2-C is also present but this could not be determined definitely; hair
4-C may be absent. The ventral abdominal hairs have been renumbered and
hair 12 was found on segments III-VI. |

In the larva, the dorsal head hairs have been renumbered. The hair for-
merly interpreted as 0-C belongs to the labrum (palatum) and is eliminated in
the nomenclature while a small hair in the posterior part of the head, not
recognized before, is now interpreted as hair 8-C. Hairs formerly interpreted
as 1,2,3,4,5,6,8-C now become 0,1,3,2,4,5,6-C respectively. On the tho-
rax, hairs 2,3-P,M are interchanged. On abdominal segment II, hair 11 be-
comes 10 and a small hair on the proleg is hair 11; ventral hairs 10-12 on ab-
dominal segments III-VII are all renumbered as indicated in the figures.

With this reinterpretation, the chaetotaxy of the Dixinae appears even more
similar to that of the Culicinae, the chief differences being the absence of hair
8 on all abdominal segments of the larva and pupa, the caudal displacement of
hair 8-C on the head capsule of the larva, the absence of hair 12 on abdominal
segments I, II of the larva, and the absence of some hairs on the thorax of the
larva. Even the positions of many hairs follow the same pattern as in the Culi-
cinae.

Almost all hairs in the Dixinae are unbranched, only some of the heavier
larger hairs are barbed and a few of the shorter hairsmay have a few branches
in some forms. However, there is considerable differentiation in the length
and thickness of hairs and this character appears to be of considerable impor-
tance in differentiating the 2 tribes and some genera.

Differences in chaetotaxy pattern, including loss of some hairs, have been
noted in the present study. Some of these differences seem to be at a generic
level at least and may prove to be of value in determining evolutionary lines in
the subfamily,

PUPA. The general morphology of the pupa of New Zealand dixa midges
is very uniform but the following characters are apparently of at least generic
value: the length of the antennal sheath, shape of the pinna of the trumpet, and
the chaetotaxy pattern. Specific differences will probably be found primarily in
the spiculation or tuberculation of the integument, in pigmentation, in the shape
of the trumpet and in the length of the paddle. Because of differences in mor-
phology from the Culicinae the measurements of the length of the abdomen and
of the paddle are determined in the following manner. The abdomen is mea-
sured from the anterior border of segment I to the posterior border of segment
VIII; the paddle from the base of segment IX to the apex of the paddle.

LARVA. The general morphology of the larva is quite uniform not only in
the New Zealand species but in all the extralimital forms I have examined.
However, group differences at the tribal and generic level have been noted in
the following: (1) development of "'crowns' or rosettes of branched spinules on
the dorsum of abdominal segments, (2) number of abdominal prolegs, (3) ar-
rangement of hooks on prolegs, (4) number of ambulacral combs, (5) spicula-
tion of the antenna, (6) development of tentorium, (7) development of collar on
head capsule, (8) development of the labium and labial process of the head cap-
sule, (9) numerous features of the spiracular apparatus, (10) marginal teeth of
the pecten, (11) sclerotizations of the anal segment, (12) postanal spicules, and
(13) chaetotaxy, including length of hairs. Closely related species appear to be
extremely similar and show differences primarily in pigmentation of the head
capsule, pigmentation and spiculation of the antenna, and spiculation of the
thorax and abdomen.

A special descriptive terminology is used here for the larva of the Dixinae
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primarily for features of the spiracular apparatus and anal segment. The head
length is measured from the anterior border of the labrum (palatum) to a line
connecting the posterolateral angles of the head capsule. The length of the pos-
terolateral lobe is measured in lateral or dorsal aspect from the dorsal end of
the basal unsclerotized line separating it from the pecten plate to the apex of
the lobe exclusive of the marginal spicules. The length of the anal segment is
measured on the dorsal midline from the base of the saddle to the apex of the
distal caudal process. The cylindrical process is the complete sclerotized ring
at the apex of the saddle separated by an unsclerotized line from the distal cau-
dal process.

SYSTEMATICS AND BIOGEOGRAPHY. After this more detailed study of
the dixa midges of New Zealand, particularly of the male genitalia and imma-
ture stages, I am convinced that the similarities between them and true mos-
quitoes are due to common ancestry and not to convergence. It is inconceivable
that the absolute correspondence of all the elements of the chaetotaxy of the
spiracular lobe (or apparatus) and of the 8th (and 9th) abdominal segments of
the larvae of Dixinae and Culicinae, first shown by Martini (1923) and later
confirmed by Belkin (1951), is due to anything other than common ancestry of
the 2 groups. Therefore, I am retaining the dixa midges as the subfamily Dix-
inae of the Culicidae. As before (Belkin 1962:88), I consider that the Dixinae,
Culicinae and Chaoborinae arose contemporaneously from a common ancestor
and that the Dixinae are not in any way ancestral to either of the other 2 sub-
families although they appear to have retained more primitive features than the
latter.

Judging by the morphology of the known existing types, their breeding sites
and their distribution, it seems probable that the Dixinae split into 2 major evo-
lutionary lines very early, probably earlier than the first radiation occurred
in the Culicinae or Chaoborinae, and that neither line has been successful in
occupying a breeding environment different from the original one (ground
waters). This general conservatism is also shown in the preservation of many
primitive general characters in the Dixinae and the great similarity in basic
characters in the larva, pupa and adult within the entire subfamily.

Speciation in the Dixinae appears to have beendetermined largely by unique
specializations in the phallosome of the male genitalia and probably, at least
in some groups, by correlated specializations in the female genitalia, pro-
ducing a mechanical isolating barrier between species. ©Speciation has been
accompanied by very few and minor changes in the general external characters
of the adults, primarily in the antenna, palpus, wing veins and pigmentation,
legs, and pigmentation of the body. In the immature stages the changes have
also been relatively few and inconspicuous in the general morphology, except in
the trumpet of the pupa and in the spiracular apparatus, anal segment, prolegs
and body spiculation of the larva. The only striking differences noted in the
larvae so far are the development of the abdominal rosettes in the Dixini and the
presence of only 1 pair of prolegs in Meringodixa. However, it is evident from
the present study that obscure but significant differences in the chaetotaxy of
the immature stages distinguish some evolutionary lines in both the larvae and
pupae and that differences in some of the other characters of these stages men-
tioned above are also of taxonomic significance.

It would appear therefore that a natural classification of the subfamily
should be based primarily on fundamental characters of the male and female
genitalia and of the immature stages. These characters must be evaluated
very carefully since parallel developments are evident in the 2 major evolu-
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tionary lines in the subfamily, e.g. development of a penis filament in the Dix-
ini and Paradixini, elongate flagellar segments in adults of Meringodixa and the
Paradixini, similar type of larval antennal spiculation in Dixini and Paradixini,
and so on.

To date taxonomic studies of Dixinae have consisted largely of speciesrec-
ognition and diagnosis on the basis of external adult characters and superficial
details of specialization of the sidepiece and clasper of the male. Because the
latter show such excellent diagnostic features that are readily visible, very
little attention has been paid to the complex structures of the phallosome and
proctiger of the male which require dissection and careful interpretation. The
larvae and pupae are undescribed for most species and the few that are known
are not described in sufficient detail to evaluate significant features.

The primary division of the subfamily into the tribes Dixini and Paradixini,
based on characters first recognized by Tonnoir (1924b), appears to be a
natural one and as far as I can determine all the described genera fit into one
or the other readily. The generic classification, on the other hand, is in a
confused state at the present largely because the type species of most genera
have not been described in sufficient detail for the significant taxonomic charac-
ters and stages. The majority of species have been placed in either Dixa or
Paradixa (or Dixella following Lane 1949:257; 1951:336) depending on the length
of the antenna and the shape of the flagellar segments of the adults and some-
times presence or absence of the dorsal abdominal rosettes in the larvae. It is
evident that both genera are polyphyletic assemblages and probably contain spe-
cies which could be placed better into some of the other described genera or
should be segregated into new genera or subgenera.

The Dixini include the following genera: Dixa Meigen, 1818; Neodixa
Tonnoir, 1925 (= Dixella Tonnoir 1924b); Nothodixa Edwards, 1930; and
Meringodixa Nowell, 1951; the latter was originally placed in a separate mono-
typic tribe because of some annectent characters between the Dixini and Para-
dixini but most of its features warrant its inclusion in the Dixini for the pres-
ent. The Paradixini include 4 genera also: Dixella Dyar and Shannon, 1924;
Dixapuella Dyar and Shannon, 1924; Paradixa Tonnoir, 1924b; and Dixina
Enderlein, 1936. The genus Eriopterites Meunier, 1916 is a homonym of
Erioptera Meigen, 1803 according to art. 56(b) of the International Code of
Zoological Nomenclature since Meunier proposed thisname for afossil species
(tertiaria) which he stated to be without a doubt a species of Erioptera. This
form is not a tipulid but a dixa midge whose generic placement is uncertain.
Therefore no replacement name for Eriopterites is needed at this time.

Details of the affinities and systematics of New Zealand Dixinae are dis-
cussed under each genus and species below. Only the general features of this
fauna are reviewed here. The fauna is harmonious, extensive and entirely
endemic at the species group level. It consists of apparently the most primi-
tive living representatives in each of the 2 major phyletic lines. The Dixini
are represented by the genus Nothodixa (4 sp.) which is known elsewhere only
in Tasmania, New South Wales, Chile and Patagonia, and the derived aberrant
monotypic Neodixa, still known only by the male holotype. Nothodixa probably
dispersed to New Zealand very early at a time when a suitable dispersal route
to South America was also present in the Southern Hemisphere. The New Zea-
land species of Nothodixa have typical disjunct relict populations; there is no
detectable differentiation in the phallosome of the 3 species known in the male
sex or any feature of the pupa in the 2 species known in this stage, and the lar-
vae of the 2 known species are extremely similar except for modifications inthe
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prolegs. The Paradixini are represented by the genus Paradixa (4 sp.) which
is definitely absent from Chile and Patagonia and whose extralimital distribu-
tion is apparently confined to Tasmania and New South Wales although it is
possible that different phyletic lines assignable to this genus are present in
the Northern Hemisphere. Paradixa probably dispersed to New Zealand con-
temporaneously with most Culicinae after the earlier dispersal of Nothodixa
and at a time when suitable dispersal routes to South America were no longer
available in the Southern Hemisphere. Two of the species (harrisi and
tonnoiri) have typical disjunct relict populations but neozelandica and particu-
larly fuscinervis are relatively widespread and abundant, the latter being one
of the most conspicuous elements of the entire culicid fauna of New Zealand.
All 4 species are very strongly differentiated in male genitalic characters in-
cluding those of the phallosome and proctiger. Only harrisi is strongly dif-
ferentiated in the larva and pupa and has a phallosome markedly different from
the other 3 species and therefore may represent a separate phyletic line from
the latter.

KEYS TO TRIBES AND GENERA

Adults

1. Antenna about twice as long as head and thorax combined; flagellar seg-
ments all cylindrical or filiform, basal one at least 10 times as long
as wide (Paradixini). . . . . . .Paradixa

Antenna about as long as head and thorax comblned ﬂagellar segments
all more or less fusiform, basal one at most 5 tlmes as long as wide

(DIXini) . .« v v v v e e e e e e e e e e e e e e e e e e s L2
2(1). Vein R2+3 branched; base of Mg.4 complete . . . . . . . Nothodixa
Vein Rg.3 unbranched base of Mg, 4 broken (1. m1nuta) . . Neodixa

Male Genitalia

1. Penis filament absent; proctiger with sclerotized plates, cercal bristles
2-5, borne on a sclerotized process (Paradixini). . . . . .Paradixa

Penis filament present; proctiger unsclerotized, cercal bristles numer-
ous, borne on a large unsclerotized lobe (Dixini) . Nothodixa, Neodixa

Pupae

1. Pinna of trumpet narrowly slit all the way basad to apical constriction of
inner tracheoid; antennal case not extending beyond basal third of
wing case (D1x1n1) Coe . . . . . . Nothodixa

Pinna of trumpet without slit; antennal case extendlng beyond distal 0.75
of wing case (Paradixini). e e e e e v v v v v « . . .Paradixa

Larvae
(Neodixa unknown)

1. Dorsum of abdominal segments with conspicuous ovoid rosettes of plu-
mose spinules; none of the hairs of the prothorax reaching anterior
border of head capsule (Dixini). . . . . . . . . . . . . Nothodixa
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Dorsum of abdominal segments without rosettes of plumose spinules;
some of the hairs of the prothorax projecting well beyond anterior
border of head capsule (Paradixini). . . . . . . . . . . .Paradixa

TRIBE DIXINI

Genus NEODIXA

1924. Dixella Tonnoir, 1924b:230(4 Dec). TYPE SPECIES: *D. minuta Ton-
noir, 1924b, New Zealand; original designation. Preoccupied by Dixella
Dyar & Shannon, 1924(22 Oct).

1925. Neodixa Tonnoir, 1925:311. TYPE SPECIES: Automatically Dixella mi-
nuta Tonnoir, 1924, New Zealand. Substitute name for Dixella Tonnoir,
1924.

Neodixa of Belkin (1962:103).

Neodixa is characterized by the unbranched vein Rg,5. In all other re-
spects the only known specimen (male holotype) fits the diagnosis of Nothodixa
but is different from any species assigned to the latter genus. Edwards (1930:
101) suggested that the venational character of Neodixa might be an individual
variation and considered it hardly necessary to separate it generically, but in
deference to the opinion of Tonnoir he treated it as a distinct genus. I also
prefer to retain Neodixa as a distinct genus with the original characterization
until additional specimens are available for study and it can be determined
whether or not the venational character is genetic.

1. Neodixa minuta (Tonnoir)
Fig. 26

1924. Dixella minuta Tonnoir, 1924b:230. TYPE: *Holotype ¢, Nelson, N. Z.,
from low shrub along creek, 18 Oct 1923, A.L. Tonnoir [NELS].

Neodixa minuta of Tonnoir (1925:311); Tillyard (1926:352); Edwards (1930a:
101; 1932:15); Taylor (1934:7); Cooper and Rapp (1944:252); Miller (1950:
46); Nowell (1951:241); Belkin (1962:103-104).

FEMALE. Unknown.

MALE: Wing: 2.5 mm. Body completely black, head and thorax shining
and with very short bristles, abdomen dull and somewhat velvety. Maxillary
palpus with segment 5 about twice as long as segment 4. Antenna about as long
as head and thorax together; first 7 flagellar segments more or less fusiform
and fairly distinct from one another, segments 8-14 filiform. Legs yellowish
except for tips of femora and tibiae and the ends of the tarsi which are black-
ish; base of hindtarsal segment 1 ventrally with a spinelike bristle; claws pec-
tinate. Wing (Tonnoir 1924b:fig. 8; Belkin 1962:fig. 34) dusky and unspotted,
base and anterior border yellowish; vein Sc ending well basad of furcation of R
and somewhat basad of middle of wing; vein R9.3 unbranched and not strongly
arched; base of vein M3,4 obliterated. Haltere yellowish.

MALE GENITALIA (Tonnoir 1924b:figs. 9, 10; Belkin 1962:fig. 33). Similar
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to Nothodixa. Tergite IX with numerous bristles. Sidepiece and clasper sim-
ple. Phallosome apparently similar to Nothodixa. Proctiger simple and with-
out spines; cercus very prominent and with numerous bristles.

PUPA and LARVA. Unknown.

SYSTEMATICS. The unique known specimen of Neodixa minuta is fully
hardened, not teneral. Except for the aberrant venation it appears to be per-
fectly normal and agrees in general with the characteristics of described spe-
cies of Nothodixa. The 2 aberrant features of the venation, unbranched Rg.3
and broken base of Mg, 4, are equally well developed on both wings. I have not
seen any such aberrant venation in specimens of Nothodixa but have noted sev-
eral aberrations in the venation, largely unilateral, in specimens of Paradixa
from New Zealand, among them: base of Ry broken (bilateral), apex of Rg
atrophied, apex of Rg fused with R4.5, partial atrophy of Mg, 4.

I agree with Edwards (1930a:101) that the holotype of minuta represents a
species distinct from any other New Zealand dixine. Its characters, other than
the aberrant venation, do not agree with any described species of Nothodixa and
it seems probable therefore that is not a dwarf sport of any of these. 1 be-
lieve also that the reduced venation of minuta is probably of a genetic nature
and not an individual aberration as suggested by Edwards (loc. cit.). The fact
that venational aberrations of the type present in minuta do occur rarely as in-
dividual variations in some lines does not preclude the genetic fixation of such
an aberrant character in a particular phylad. Since in minuta the unbranched
R9+3 is a unique exception to the characteristic venation of the entire family
Culicidae in the broad sense, the tendency is to regard this as an individual
variation as Edwards did. However, exceptions to characters of equal impor-
tance, at least at a subfamily level, can occur and are genetically fixed as is
the case in the reduction in the normal number of flagellar segments in the an-
tenna of Ethiopian species of Chaoborus (sen. lat.) notably in Neochaoborus
anomalus (Edwards, 1930). Therefore, the possibility exists that the venational
peculiarities of minuta are genetic and 1 prefer to regard them as such until
the problem can be finally resolved when additional specimens become available
for study.

BIONOMICS. The specimen was ''obtained in sweeping with the net some
low shrubs in a wet part of the track along the 'Reservoir' creek."

DISTRIBUTION (fig.26). NEW ZEALAND. Nelson: Nelson, track along
Reservoir creek, 18 Oct 1923, A.L. Tonnoir, d holotype [NELS].

Genus NOTHODIXA

1930. Dixa (Nothodixa) Edwards, 1930:101. TYPE SPECIES: Dixa campbelli
Alexander, 1922, New Zealand; original designation.

Nothodixa of Belkin (1962:100).

FEMALES (fig.4). Head: Clypeus with numerous bristles distally, some
of these laterally. Antenna about as long as head and thorax together; flagellar
segments 1-5(6) more or less fusiform, segment 1 at most 3 times as long as
maximum width. Thorax: Acrostichals usually extending caudad on prescutel-
lar space; dorsocentrals extending to near parascutellum, posterior part of
row curved laterad; notopleurals numerous; humerals usually few; fossals
numerous; paratergite narrow, bare; parascutellum strongly developed but
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without bristles. Scutellum nearly perpendicular to mesonotum, usually a few
bristles in the middle caudad of apical row; postnotum very large and bulging,
bare. Apn, ppn and upper mep with bristles; stp below transverse suture with
or without short inconspicuous light hairs; apparently no other pleural bristles
or hairs present. Legs: Hindtibia very strongly swollen apically, comb poorly
differentiated, a large ovoid depression just proximad of comb filled with nu-
merous fused spicules which are continued in a narrow line ventrad at base of
comb. Claws of all legs with spicules on outer surface. Wing: Membrane and
veins dusky; microtrichia of membrane large and uniformly densely distributed.
Vein Sc moderately well developed, its apex distinct and ending on C distinctly
basad of furcation of R; crossvein h angled distad apically, a faint crossvein at
level of h connecting Sc to base of R; cross vein r-m always at least its own
length basad of furcation of Rs; crossvein m-cu distinct but weak; bristles on
vein M basad of r-m varied. Alula with a marginal row of dorsal hairs only;
margin of upper and lower calypters bare. Haltere long, winglike; apparently
with 4 rows of bristles, 2 of them marginal. Abdomen: Spiracles present only
on IV-VII. Sternite I without hairs. Genitalia: Segment VIII reduced, its ter-
gite about half as long as that of VII, its sternite subequal to that of VII. Ter-
gite IX small, poorly sclerotized; its lateral lobe short and separated from
median part at least at base. Postgenital plate without distinct median sclero-
tization but with prominant hairy lateral lobes. No distinct bursa copulatrix;
one large spermatheca in segment VII, its duct moderately long, with only 1
loop and with opening on sternite IX.

MALES. Essentially as in the females. Hindtarsal segment 1 with 4 heavy
long spinelike bristles at base on ventral (lower) surface; extreme base of ven-
ter of all tarsal segments 5 with a strong bristle recurved apically. All claws
enlarged and pectinate and with spicules externally.

MALE GENITALIA (fig.7). Segment VIII: Tergite and sternite at least 0.7
as long as corresponding sclerites of segment VII. Segment IX: Lightly sclero-
tized, without internal ridge articulating with base of sidepiece. Tergite with
bristles, much smaller than sternite, restricted to middle of dorsal surface
and separated from sternite by membrane. Sternite very large, extending to
dorsal surface, bristles restricted to the dorsal lobes. Sidepiece without con-
spicuous processes but with slight hairy subapical and median basal lobes.
Clasper simple, without differentiated spiniforms. Phallosome: Figured in
everted condition by Belkin (1962, fig. 33) and in normal retracted condition here
(fig.7); largely membranous. Prosophallus simple, deeply emarginate in the
middle and with a pair of longitudinal sclerites to the aedeagal pouch, widely-
spaced at base. Phallus with small aedeagal pouch which is papillose on inner
surface; aedeagal sclerites forming a poorly sclerotized fused dorsal and dor-
solateral cordate plate from whose thickened apex arises a short free penis fil-
ament within the aedeagal cup; aedeagal sclerites articulating with a long pro-
cess of proximal division of basal piece on each side. Opisthophallus a simple
large transverse lobe with poorly developed, weakly sclerotized lateral scle-
rites articulating with outer part of proximal division of basal piece but not with
the proctiger. Distal division of basal piece strongly developed; proximal di-
vision represented chiefly by inner part (paramere) articulating with aedeagal
sclerite, its outer part very poorly developed. Proctiger largely membranous,
with indistinct basal sclerotizations; cercus a large, prominent lobe with many
bristles.

PUPAE. Cephalothorax: Antennal case not extending beyond basal third of
wing case. Hairs 2, 3,4-C apparently all absent; hair 9-C usually far caudad
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near base of wing case, adjacent to hair x-C. Trumpet: Short and broad; pinna
very broad and flaring, narrowly slit all the way basad to apical constriction of
inner tracheoid; apical margin of pinna sinuate, with an evenly spaced row of
simple hooks recurved mresad; external surface tracheoid to near pinna. Meta-
notum: Hairs 11, 12-C very close together in a depression; 10-C far mesad of
11,12-C, its distance from the latter several times that between hairs 11 and 12.
Abdomen: Hair 1-I-VII far mesad of hairs 2 and 3; hair 2-V-VII far cephalad of
hairs 1 and 3; dorsal sensillum (s) associated with hair 4 on all segments.
Paddle: Hair 1-P at level of base of genital lobe.

LARVAE. Head: Head capsule broad, length about 0.75 of maximum width
or less, strongly emarginate middorsally on caudal border, a more or less
distinct and deep emargination on caudal border ventrolaterally; tentorium very
poorly developed, anterior arm very short, never reaching posterior; labial
process narrow, triangular, pointed distally; collar not developed. Hairs 4,5-C
widely separated, distance between the 2 hairs 4-C subequal to or less than that
between hairs 4 and 5 on one side; hairs 6,9, 10-C near midlevel of head cap-
sule; hairs 12,13-C very close together, their alveoli adjoining; hairs 14, 15-C
both single, 15-C at base of labial process. Antenna: Relatively short, about
0.5 of total head length; relatively straight, without marked curvature in basal
half; shaft with triangular spinules only; hair 1-A inserted near apex, at about
0.8 from base; a clear alveolus (sensillum?) at about 0.7. Thorax: None of
the prothoracic hairs more than 0.5 of entire thorax length, usually much
shorter; hair 2-P at level of 1-P; hairs in group 2, 3-M, T adjoining, separated
from each other by not more than width of 1 basal tubercle. Abdomen: Dorsum
of II-VII with conspicuous oval rosettes of plumose spinules occupying large
part of disc of each segment. Prolegs present on venter of I, II; with heavily
sclerotized, pigmented hooks in 1 rank only on anterior border, other hooks
poorly developed, lightly pigmented and sclerotized, and separated from the
anterior row by a wide space. Ventral ambulacral combs on V, VI only, con-
sisting on each segment of a pair of submedian oval areas with a single rank of
6-8 slightly hooked spines and corresponding internal sclerotized bars; the pair
of oval areas not separated by median sclerotization; venter of VII with a
prominent median caudal projection with dense spicules. Hair 1-I-V widely
separated from hairs 2, 3; dorsal sensillum (s) associated with hair 4 through-
out; hair 14-I laterad of hair 13; hair 11-II within the circlet of caudal hooks
on proleg; hair 12-VII apparently absent; hair 10, 11-VII not reaching middle of
segment VIII, hair 6-VII much shorter than hair 7; hairs 3-5-VIII short, none
reaching apex of spiracular lobe. Spiracular Apparatus: Spiracles small,
widely separated, distance between them more than twice length of one antero-
lateral lobe (without spicules). Anteromedian lobe with or without small scle-
rotized plate; hairs 4, 5-S closer to spiracle than to hair 3. Anterolaterallobe
small, without conspicuous sclerotized median process mesad of spiracle.
Median plate not developed, lateral sclerotizations small and not connected
across midline, this area more or less densely and uniformly covered with
short stellate spicules. Posterolateral lobe without apical ventral pointed pro-
cess; hair 8-S very close to marginal spicules, hair 12-S on inner margin of
lobe a considerable distance proximad of apex, hair 13-S on lobe, distad of
hair 14. Pecten plate strongly sclerotized, with simple articulated marginal
teeth and without spicules overlying their bases; hair 1-S simple, inserted in
lower half of plate. Anal Segment: Basal saddle strongly developed, bearing
hair 4c-X; hairs 4-X all short, at most subequal to length of posterolateral
lobe of spiracular apparatus; supraanal spicules in several rows; caudal
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process not distinctly separated from the cylindrical process; hairs 1-3-X
distinctly barbed, moderate in length, less than length of 2 abdominal segments.
SYSTEMATICS. The genus Nothodixa, as currently recognized, is a
strongly differentiated group of true dixines that is restricted to the Southern
Hemisphere and is known at present by 2 species in southeast Australia and
Tasmania, 4 species in New Zealand and 4 species in Chile and Patagonia. All
these species obviously belong to an assemblage distinct from the other generic
group taxa currently recognized in the tribe Dixini except Neodixa. However,

each of the above-mentioned areas appears to have 1 or 2 endemic groups of
Nothodixa, some of which are so strikingly different in male genitalic and lar-
val characters that they may have to be separated as distinct subgenera and
possibly even genera. The relationships of the different regional groups cannot
be determined at this time because of the extremely poor knowledge of the Aus-
tralian and South American species and the still fragmentary knowledge of the
New Zealand species.

In New Zealand the 4 known species fall into 2 distinct groups on the basis
of wing spotting and infuscation. It seems probable that these groups are also
characterized by larval differences. On the other hand, the 2 groups have ex-
tremely similar male genitalia and pupae.

The campbelli group, consisting of campbelli and philpotti, is characterized
by spotted and infuscated wings and probably also by a larva with hooks simi-
- larly oriented and subequal in number on prolegs I and II. Contrary to an
earlier suggestion (Belkin 1962:99), it appears now that in the campbelli group,
philpotti is clearly distinct morphologically from the nominate species and is
ecologically isolated from the latter. N. campbelli, as currently interpreted,
has a wide distribution encompassing both South Island and North Island and is
the commonest Nothodixa in New Zealand. There is no indication of geograph-
ical differentiation in this species on South Island and the Wellington area of
North Island where adults have been collected. Farther north only larvae are
known at present and these show only minor differences from those occurring
on South Island.

The otagensis group, comprising otagensis and septentrionalis, is charac-
terized by wings generally lacking conspicuous infuscations and probablyalso by
a larva with hooks more numerous and longitudinally oriented on proleg I and
less numerous and transversely oriented on proleg II. It is evident that the 2
forms have arisen as a result of geographical differentiation but because of the
fragmentary nature of the available material it is not clear if this differentia-
tion has reached the specific level. For the present they are regarded as dis-
tinct species.

Much work remains to be done on Nothodixa in New Zealand. The imma-
ture stages are unknown for philpotti and otagensis; the male of philpotti is
unknown and so is the female of septentrionalis. Even for the best known spe-
cies, campbelli, only about 50 adults have been collected or reared and none
north of Wellington. Since there is some indication of both geographical and
ecological differentiation in the known species and since the populations tend to
be disjunct and very small, there is a distinct possibility of unrecognized spe-
cies existing at present in New Zealand. The presence of populations ¢f larvae
of the campbelli group on Little Barrier and Great Barrier islands is evidence
of the ability of at least one species of the genus either to disperse over mod-
erate ocean barriers or to survive rather major environmental upheavals. A
search should be made for similar isolated populations on other islands in the
New Zealand area.
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The apparent low density population structure, the relict disjunct distribu-
tion and the great uniformity of basic structure in all known species, including
the aberrant Neodixa, suggest that the Nothodixa lineage has been in New Zea-
land a very long time, much longer than the Paradixa lineage. This may ac-
count for the dispersal of Nothodixa to South America at an early date by land
connections through or near New Zealand and also for the absence of Paradixa
in South America because of the absence of such connections later.

BIONOMICS. In New Zealand, Nothodixa seems to be much less common
than Paradixa and its breeding sites appear to be more specialized and re-
stricted. All collections of immature stages of Nothodixa to date have been
in small streams in rather narrow steep valleys in hills and mountains and
never in larger streams or in water courses in flat open valleys or plains.
The 2 species whose larvae are definitely associated appear to differ in their
preference for current strength and for light intensity, campbelli occurring in
slower flowing water and in more open situations and septentrionalis in fast
water in moderate to deep shade. Even in seemingly favorable habitats the
populations of Nothodixa appear to be usually very small.

Nothodixa larvae can usually be recognized in thefield by the projection of
the abdominal rosettes above the water surface film. In collecting containers
they tend to rest with the body straight and not bent into the U-shape charac-
teristic of Paradixa larvae.

Keys to Species

Adults
1. ~ Wing conspicuously spotted and infuscated along some veins . . . . 2
Wing usually without spots or infuscations, at most with a faint cloud on
r»monly..........................3

2(1). Vein Rg.q with only a marginal infuscation; vein M proximad of m-cu
usually with an elongate dark streak . . . . . . 2. campbelli
Vein R2+3 with a large square or roundish blotch extendmg into cell Ry;
vein M proximad of m-cu with a large restricted quadrate blotch. .
. 3. philpotti

3(1). Vein M beyond m-cu subequal to vein M1+9; mesonotum with reddish
brown ground color and blackish median and posterolateral stripes.
.o 4. otagensis
Ve1n M beyond m-cu about l 5 or more of vein M1+2, mesonotum uni-
formly brown, without distinct darker stripes . . . 5. septentrionalis

Male Genitalia

(2. philpotti not known)

1. Tergite IX with no more than 15 weak bristles; dorsal lobe of sternite
IX with about 6 weak bristles. . . . . . 2. campbelli

Tergite IX with at least 20 strong br1stles dorsal lobe of sternite IX
with at least 10 strong bristles. . . . 4. otagensis; 5. septentrionalis

Pupae

Insufficiently known for separation, see 2. campbelli and 5. septentrionalis.
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Larvae

(3. philpotti and 4. otagensis not known)

1. Proleg I not markedly larger than II and with 20-30 heavy pigmented
hooks in a transverse arc as on proleg II, latter with 15-20 similar
hooks; dorsum of thorax and abdominal segment I with heavy long
spicules or spinules clearly visible at 100X . . . . . . 2. campbelli

Proleg I twice as large as II and with at least 50 heavy pigmented hooks
in a longitudinal arc, proleg II with 20-30 similar hooks in a trans-
verse arc; dorsum of thorax and abdominal segment I with minute fine
spicules invisible at 100X . . . . . . . . . . . .95. septentrionalis

2. Nothodixa campbelli (Alexander)
Figs. 4,5, 25

1922. Dixa campbelli Alexander, 1922a:20-21. TYPE: Holotype &, Charteris
Bay Banks Peninsula, Canterbury, N.Z., 4 Sept 1921, J.W. Campbell
[ALEX].

Nothodixa campbelli of Belkin (1962:99-100).

Dixa (Nothodixa) campbelli of Edwards (1930a:101; 1932:11); Taylor (1934:7);
Nowell (1951:233).

Dixa campbelli of Alexander (1922b:147); Tonnoir (1924b:224-225,231-232);
Tillyard (1926:352); Martini (1931:199, 203); Cooper and Rapp (1944:249);
Miller (1950:45).

ADULTS (fig.4). Wing: 3.3-3.5 mm. Forefemur: 1.2-1.4 mm. Abdo-
men: about 2.0 mm. As figured here and as described by Belkin (1962:99-100);
with the following diagnostic features. General coloration yellowish marked
with brown; legs yellowish with tips of femora and tibiae and entire tarsi dark.
Thoracic bristles short and weak, light in color. Mesonotum yellowish, with a
broad median dark stripe on anterior half and a pair of broad lateral dark
stripes beginning about halfway between scutal angle and origin of wing and ex-
tending to scutellum. Stp apparently without hairs. Base of wing, including
membrane, veins C, Sc, and R, yellow to level of crossvein h; a brown streak
on M, a large brown blotch centered on r-m but not reaching furcation of R,
and brown infuscations along R2+3, R4+5, M3.4 and Cu and its branches.

MALE GENITALIA (fig.4). As figured here and as described by Belkin
(1962:100). Very similar to otagensis and septentrionalis. Weakly sclerotized
and with weak hairs and bristles. Tergite IX with 6-15 weak bristles, mostly
in distal part. Dorsal lobe of sternite IX with 5-7 weak bristles.

PUPA (fig.5). Abdomen: 3.3 mm. Trumpet: 0.2 mm. Paddle: 0.66 mm.
General morphology and chaetotaxy as figured; very similar to septentrionalis
from which it cannot be differentiated at present. Cephalothorax and metanotum
uniformly moderately pigmented; trumpet uniformly moderately pigmented, a
little brighter than cephalothorax; abdomen and paddle uniformly lightly pig-
mented.

LARVA (fig.5). Head: 0.45 mm. Posterolateral Lobe: 0.34 mm. Anal
Segment: 0.32 mm. General morphology and chaetotaxy as figured; diagnos-
tic characters as in the key. Head: Uniformly moderately pigmented a brown-
ish yellow except for blackish clypeal border, antennal tubercle, eye region,
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caudolateral and caudomesal areas, and posterior border. Hair pigmentation
moderate to strong; hair 4-C projecting far cephalad of clypeal border, the 2
hairs 4-C usually distinctly closer together than hairs 4,5-C on one side. An-
tenna uniformly very darkly pigmented, blackish. Thorax: Dorsum of posterior
part of prothorax and all of meso- and metathorax with large heavy spicules,
sometimes with shorter spinules. Hairs moderately to strongly pigmented,
particularly on dorsum; at least hair 4-P longer than head capsule. Abdomen:
Dorsum of segment I with spicules or spinules similar to those on dorsum of
thorax. Dorsal hairs of segment I strongly pigmented and heavy as on thorax.
Disc within the rosettes of segments II-VII with heavy, darkly pigmented, broad,
apically-branched spicules with distinct sclerotized basal area; distance be-
tween bases of spicules mostly subequal to length of spicules, rarely more than
twice their length. Proleg I only slightly larger than proleg II, with 20-30 pig-
mented heavy hooks; proleg II with 15-20 similar hooks. Hairs on all segments
moderately pigmented and moderately long. Spiracular Apparatus: Anterome-
dian lobe without sclerotization; hair 13-S very heavy, usually nearly straight;
pecten teeth usually heavy. Anal Segment: Hair 4b-X about as thick as hair 4-C
and usually longer than latter. )

SYSTEMATICS. N. campbelli seems to be the only widespread and the
commonest species of Nothodixa in New Zealand. I have examined adults from
all the land districts of South Island except Marlborough and Southland, and
also from the vicinity of Wellington. In this larger series of adults the same
wide range of coloration of the body and infuscation of the wing was found as
was noted earlier (Belkin 1962:100). This variation is neither geogra@hical nor
ecological, the whole range occurring in different localities and in different
individuals reared from the same breeding site. Perhaps most of the variation
is due to differences in the stage of hardening or to the age of the individuals.
I am convinced that the adults I have seen represent only one species and that
there is no geographical subspecific differentiation within the range encom-
passed by these specimens.

I have included provisionally under campbelli all larvae of Nothodixa with
strong spiculation of the thoracic dorsum and with the hooks similarly oriented
and subequal in number on prolegs I and II. There is considerable variation in
several characters in these larvae and the possibility exists that 2 or more
species are represented in this sample. Only through association of stages by
individual larval rearings can the problem be resolved.

The unassociated whole larvae of campbelli from the type locality and all
the collections on South Island except Black Gully (Otago) conform quite well to
the description given above which is based on larval skins associated with in-
dividual adults. There is some variation in the distance between head hairs
4-C, in the length of prothoracic hairs, and in the length and spacing of the
dorsal thoracic spicules. The latter may be due primarily to unequal wear of
the spicules and to differences in the stretching of the integument in larvae of
different sizes.

The larvae from Black Gully (Otago), the southernmost reported locality
for Nothodixa, at first glance appear to be strikingly different from typical
campbelli in the much shorter and more widely spaced dorsal thoracic spic-
ules, the space between the bases of the spicules being usually 3 times or more
the length of anindividual spicule. In addition the thoracic and abdominal hairs
are usually considerably shorter, anal hairs 4-X are shorter and weaker, and
the spicules within the abdominal rosettes are shorter and more widely spaced.
There is considerable variation in all these characters in the small series of
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larvae (9) but there does not seem to be any significant overlap with typical
campbelli. Furthermore, hair 13-S on the posterolateral lobe of the spiracu-
lar apparatus is considerably longer than in typical campbelli and is apically
recurved, a condition never encountered in the latter. It is possible that all of
these differences are individual environmental modifications induced by the
swifter current in which these larvae were found, and that therefore we are
dealing here with an extreme ecotype of campbelli. I suspect, however, that
this is a different species, either an undescribed one or philpotti which proba-
bly breeds in swifter streams than campbelli and should havea larva in general
similar to the latter. Had these larvae been found in a locality where philpotti
is known, I would not hesitate to assign them provisionally to that species.

The 9 larvae of the campbelli type known from 6 different localities on
North Island, 2 of them in association with septentrionalis, also differ from
typical campbelli but in fewer features than the larvae from Black Gully. The
chief differences are in the shorter and more widely spaced dorsal thoracic
spicules (longer than in Black Gully population), smaller spicules within the
rosettes, and somewhat longer hair 13-S, which however is nearly straight.
These diiferences are so minor that it seems unlikely that a species different
from campbelli exists on North Island. However, this possibility should not be
dismissed and an effort should be made to rear material from the North Island
populations to resolve the problem.

BIONOMICS. The immature stages of campbelli have been found most fre-
quently along the margins of very small tributaries of streams in rather nar-
row steep valleys, never along the margins of larger streams or in flat open
valleys. In several instances the water courses used by campbelli have been
mere trickles or even small residual pools without detectable flow. The imma-
ture stages have been found also along the grassy margins of small streams
with slow to moderate current but no specific information was obtained as to
the strength of the current in the exact location where the larvae were found.
Concentration of larvae and pupae have been found in flotage blocking the flow
of water. The general impression is that this species prefers quiet water and
that it can utilize quiet pools or marginal pockets in streams with considerable
current. On South Island campbelli is frequently found associated with Paradixa
fuscinervis but the latter has a much wider range of breeding sites. On North
Island campbelli has been found together with septentrionalis in 2 collections
but it is probable that campbelli was utilizing quieter water.

Adults of campbelli have been collected in small swarms over a stream
(Alexander 1922a:21).

DISTRIBUTION (fig.25). Material examined: 531 specimens; 14 &'; 37 Q;
422 larvae; 58 pupae; 31 individual rearings (20 larval, 3 pupal, 8 incomplete).

NEW ZEALAND. North Auckland: Mangamuka Gorge, 2 mi N of Soda -
Spring, 21 Dec 1963, BS (NZ 41), 11 (41-102) [UCLA]; elev. ca 500 m, 18 Feb
1965, F (NZ 205), 2 L [UCLA].

Little Barrier Island: Stream between Te Waikohare and Tirikikawa, elev.
7Tm, 6 Mar 1964, S (NZ 128), 1 L [UCLA]. “

Great Barrier Island: Port Fitzroy, 12 Mar 1964, S (NZ 138), 1 L. [UCLA].

South Auckland: Te Aroha, Stoney Creek, 26 Mar 1964, S (NZ 139), 2 L
[UCLA]. | \ | | | ‘

Gisborne: Urewera National Park, Hopuruahine area, Orangihikoa stream
elev. 2450 ft, 30 Mar 1964, S (NZ 141), 2 L [UCLA].

Wellington: Wilton Bush (as Welton's Bush), Mar, A.L. Tonnoir, A [Ton-

noir 1924b]. Day's Bay, 29 Nov 1921, A.L. Tonnoir, 1 A [NELS].

b
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Nelson: North Branch Riwaka River, 4 Jan 1964, BG (NZ 75), 1 1p? (75-
101), 3 1P (75-102-104), 23 L, 2  [UCLA]. Pokororo, 19 Dec 1921, A.L. Ton-
noir, 1 A[NELS]. The Glen, 12 Mar 1964, S (NZ 168), 1 1p? (168-103), 1 pd
(168-104), 10 L, 4 P [UCLA]. Nelson, junction of Maitai River and Sclanders
stream, 11 Feb 1964, S (NZ 135), 2 L [UCLA]; South Branch Maitai River, 11
Feb 1964, S (NZ 127), 11pd (127-102), 1 1P (127-104), 11 L [UCLA]. Nelson,
8 Apr 1922, A.L. Tonnoir, 2 A [NELS], 1 2 [CANT]; 27 June 1922, A.L. Ton-
noir, 1 2 [CANT]; 10 Aug 1922, A.L. Tonnoir, 1 A [NELS]; 18 Oct 1923, A. L.
Tonnoir, 1 & [CANT]|. Dodson's Valley, elev. ca 68 m, 12 Mar 1964, S (NZ
165), 2 1pQ (165-101,103), 1 1pd (165-105), 2 1P (165-102,104), 85 L, 6 P, 19
[UCLA]. Aniseed Valley, 5 Jan 1964, BG (NZ 79, 80), 10 1p? (79-101-107; 80-
102-104), 75 L, 8 P, 1, 49 (79), 40 L, 2 P (80) [UCLA]. New Creek Rd,
between Murchison and Kawatiri Junction, 8 Feb 1964, S (NZ 116), 1 L. [UCLA].

Westland: Lake Brunner, Feb, A. L. Tonnoir, L [ Tonnoir 1924b]. Kumara,
15 Sept 1929, J.W. Campbell, 19 [USNM], 19 [UCLA]; 6 Nov 1929, J.W.
Campbell, 4 &, 1 Q [USNM], 1 @ [UCLA]. Waiho, 27 Jan 1922, A.L. Tonnoir,
15, 19[NELS].

Canterbury: Cass, 30 Nov 1924, A. L. Tonnoir, 1 & [CANT]. Christchurch,
July, A.L. Tonnoir, A [Tonnoir 1924b]. Governors Bay, 27 Sept 1923, J.F.
Tapley, 1 & [BMNH]; 3 Jan 1964, BD (NZ 72), 3 1p9 (72-102, 103,109), 1 1P
(72-105), 80 L, 2 P [UCLA]. Charteris Bay, 4 Sept 1921, J.W. Campbell, &
holotype [ALEX, not seen|, 6 ¢ paratypes [CANT]. Hilltop, 14 Jan 1925, A. L.
Tonnoir, 1 @ [CANT].

Otago: Ben Lomond, 2 Feb 1964, S (NZ 111), 1 pd (111-101), 1 p? (111-
103), 51 L, 6 P [UCLA]. Black Gully, 31 Jan 1964, S (NZ 109), 9 L [UCLA].

3. Nothodixa philpotti (Tonnoir)
| Fig. 25

1924. Dixa philpotti Tonnoir 1924b:227-228. TYPE: *Holotype 9, Nelson,
South Island, N. Z., sweeping along mountain creek, 5 Dec 1921, A.L.
Tonnoir [NELS].

Nothodixa philpotti of Belkin (1962:100-101).

Dixa (Nothodixa) philpotti of Edwards (1932:11); Taylor (1934:7); Nowell (1951:
239).

Dixa philpotti of Cooper and Rapp (1944:251); Miller (1950:46).

FEMALE (Tonnoir 1924b:fig. 3; Belkin 1962:fig. 34). Wing: 3.5 mm. Fore-
femur: 1.5 mm. Abdomen: about 2.5 mm. In general similar to campbelli
but darker in coloration and with the following diagnostic features. Tho-
racic bristles dark; light coloration of mesonotum yellowish orange, brown
stripes more extensive than in campbelli; pleuron largely dark, yellowish orange
along mesonotal border and above hindcoxae. Femora infuscated in the middle
and with a subterminal ring of distinctly lighter coloration; tibiae and tarsi
entirely dark. Base of wing dusky, only slightly lighter than rest; blotch on
r-m large, extending all the way to furcation of R; vein M proximad of m-cu
with a large quadrate blotch extending well into cell R; vein Rg.3 with a large
quadrate or roundish blotch extending well into cell R1; veins R4.5, M3.4, Cu
and its branches, and anal margin of wing with broad lines of infuscation; vein
Sc strong but relatively shorter, ending on C before 0.7 of distance between
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crossvein h and furcation of R, with bristles on distal part; vein Rs beyond
r-m about 1.5 of r-m length; vein R9,5 very strongly arched at base, usually
with a stump vein in blotch in middle of curvature; distal part of Cuy strongly
recurved. Haltere usually infuscated on stem.

MALE and PUPA. Unknown.

LARVA. Unknown but probably of the type of the Black Gully (Otago) pop-
ulation briefly described in the section on SYSTEMATICS under campbelli,
which may possibly belong to philpotti.

SYSTEMATICS. In general morphology and particularly wing infuscation,
philpotti comes closest to campbelli and I consider that these 2 forms consti-
tute a distinct group. I am convinced that philpotti is a species distinct from
campbelli since in the additional material of both forms that I have examined
there is no indication of intergradation. Of the 5 specimens of philpotti that I
have seen only the one in BMNH lacks the stump vein on R9,3. N. philpotti is
probably a derivative of the campbelli group adapted for breeding in fast
flowing water.

BIONOMICS. This species probably breeds in fast flowing mountain
streams as all known adults have been ''collected by sweeping the plants along
mountain creeks with a much swifter flow of water than in those the Dixa lar-
vae usually breed" (Tonnoir 1924b:228). The larvae from Black Gully (Otago)
mentioned above were apparently collected in such a situation and may possi-
bly belong to this species.

DISTRIBUTION (fig.26). Material examined: 5 9.

NEW ZEALAND. Nelson: Nelson, 18 Oct 1923, A.L. Tonnoir, 1 ¢ para-
type [CANT]; 5 Dec 1921 (not 15 Dec), A.L. Tonnoir, ¢ holotype [NELS]; 15
Dec 1921, A.L. Tonnoir, 1 @ paratype [NELS], 1 @ paratype [BMNH]. Mt. Ar-
thur, elev. 4000 ft, 24 Dec 1921, A.L. Tonnoir, 1 @ [NELS]. This species
has not been found definitely in any other locality but it is possible that it has
a wider distribution since larvae from Black Gully (Otago) listed and discussed
under campbelli may actually belong to philpotti.

4. Nothodixa otagensis (Alexander)
Figs. 7, 26

1922. Dixa otagensis Alexander, 1922b:147. TYPE: Holotype J, Ben Lomond,
Otago, N.Z., 30 Dec 1921, G. Howes [ALEX].

Nothodixa otagensis of Belkin (1962:101-102).

Dixa (Nothodixa) otagensis of Edwards (1932:11); Taylor (1934:7); Nowell (1951:
239).

Dixa otagensis of Tonnoir (1924b:225-226); Cooper and Rapp (1944:251); Miller
(1950:45).

ADULTS (Tonnoir 1924b:fig. 11; Belkin 1962:figs. 32, 34). Wing: 5.0 mm.
Forefemur: 2.0 mm. Abdomen: about 2.5 mm. As described by Belkin (1962:
101); in general similar to campbelli but wing without conspicuous infuscations
and with the following diagnostic features. General coloration brown to red-
dish brown. Thoracic bristles moderately long, all dark except those on stp;
ground color of mesonotum reddish brown, with broad median and posterolat-
eral longitudinal stripes. Wing membrane without infuscations except for a
faint cloud on r-m (indistinct or apparently completely absentin dry specimens);
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furcation of Rg.3 at level of middle of Cuy; vein M beyond m-cu at most equal
to My,o; furcation of M distinctly basad of level of end of Cuj.

MgLE GENITALIA (fig.7). As figured; in general very similar to camp-
belli and septentrionalis. Moderately sclerotized and with strong hairs and
bristles. Tergite IX with 26-28 bristles, more or less evenly distributed. Dor-
sal lobe of sternite IX with 12, 13 bristles.

PUPA and LARVA. Unknown; probably of the septentrionalis type.

SYSTEMATICS. After examination of additional material, I agree with
Tonnoir (1924b:227) that otagensis and septentrionalis should be treated as dis-
tinct but closely related species and I am recognizing the otagensis group for
these 2 species. Our present knowledge of both species is still very inadequate
and fragmentary and it is possible, as originally suggested by Tonnoir (loc.
cit.), that the 2 forms are merely geographical races of 1 species. Whether or
not this is the case can be determined only when material of the group becomes
available from the area between the widely disjunct known distributions of the
2 forms.

The differences in size, color of thorax and in wing venation mentioned in
the diagnosis are quite distinct. In otagensis there is little individual variation
in these characters except for 1 specimen which shows the extreme condition
in the shortness of R9,5 and M beyond m-cu illustrated by Tonnoir (1924b:fig.
11), and which was marked by him with a manuscript name (see DISTRIBUTION
below). This type of variation in the southernmost locality of otagensis may
have suggested to Tonnoir that farther north there might be the reverse trend
toward the condition in septentrionalis in wing venation as well as in other
characters.

Whatever the taxonomic status of otagensis and septentrionalis actually is,
it is evident that in the otagensis group there has been geographical differenti-
ation within a single lineage. This appears to be the only clear-cut instance of
this phenomenon in the Culicidae of New Zealand.

BIONOMICS. Nothing is known of the bionomics of otagensis; even the cir-
cumstances of the collections of adults are not recorded. If otagensis and
septentrionalis are truly closely related, it is very likely that the immature
stages of otagensis will be found in fast flowing small streams similar to those
used by septentrionalis.

DISTRIBUTION (fig.26). Material examined: 8 specimens; 5, 29, 1 A
sex undetermined.

NEW ZEALAND. Westland: Waiho, 28 Jan 1922, A. L. Tonnoir, 1 A [NELS].

Canterbury: Christchurch, Jan 1922, J. W. Campbell, 1, 12 [BMNH].

Otago: Glenorchy, 3 Jan 1923, C.C. Fenwick, 1 & [BMNH]|. Ben Lomond,
30 Dec 1921, G. Howes, J holotype, 1 A [ALEX, not seen]. Queenstown, 1
Feb 1922, A.L. Tonnoir, 2 & (1 marked type '"'meridionalis'’), 1 2 [NELS], 1 &
[CANT].

5. Nothodixa septentrionalis (Tonnoir)
, Figs. 6,7, 26

1924. Dixa septentrionalis Tonnoir 1924b:226-227. TYPE: *Holotype d, Te
Aroha, South Auckland, N. Z., from rock at foot of waterfall, 28 Feb
1923, A. L. Tonnoir [NELS].
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Nothodixa septentrionalis of Belkin (1962:102). |

Dixa (Nothodixa) septentrionalis of Edwards (1932:11); Taylor (1934:7); Nowell
(1951:239).

Dixa septentrionalis of Cooper and Rapp (1944:251); Miller (1950:46).

FEMALE. Unknown.

MALE (Tonnoir 1924b:fig.5; Belkin 1962:fig. 34). Wing: 3.5 mm. Fore-
femur: 1.5 mm. Abdomen: about 2.5 mm. As described by Belkin (1962:
102); similar to otagensis but differing from it in the following diagnostic fea-
tures. General color uniformly brown, mesonotum without distinct dark longi-
tudinal stripes. Thoracic bristles stronger than in otagensis. Wing membrane
entirely without infuscations, no cloud on r-m; furcation of R9,5 at level of
apex of Cuy or beyond; vein M beyond m-cu at least 1.5 of M1.,9; furcation of
M distad 011, level of apex of Cujq.

MALE GENITALIA (fig.7). As figured; in general very similar to camp-
belli and otagensis. Lightly sclerotized but with strong hairs and bristles. Ter-
gite IX with 20-21 bristles, more or less evenly distributed. Dorsal lobe of
sternite IX with 10, 11 bristles.

PUPA (fig.6). Abdomen: 3.5 mm. Trumpet: 0.3 mm. Paddle: 0.66 mm.
General morphology and chaetotaxy as figured; very similar to campbelli from
which it cannot be differentiated at present. Cephalothorax and metanotum
uniformly moderately pigmented; trumpet uniformly moderately pigmented; a
little brighter than cephalothorax; abdomen and paddle uniformly lightly pig-
mented.

LARVA (fig.6). Head: 0.46 mm. Posterolateral Lobe: 0.34 mm. Anal
Segment: 0.32 mm. General morphology and chaetotaxy as figured; diagnos-
tic characters as in the key; in general similar to campbelli from which it dif-
fers chiefly in the following. Head: Uniformly lightly pigmented a clear yellow
except for same darkened areas. Hairs shorter, more slender and usually
lighter in color; hair 4-C barely projecting cephalad of clypeal border, the
distance between the 2 hairs 4-C usually subequal to or greater than between
4, 5-C on one side. Thorax: Dorsum with numerous minute spicules arranged
in short transverse rows, practically invisible at 100 X. Hairs shorter and
lighter in coloration; all hairs, including 4-P, shorter than head capsule. Ab-
domen: Dorsum of segment I with minute spicules as on thorax. Dorsal hairs
of segment I lightly pigmented and short as on thorax. Disc within the rosettes
of segments II-VII with much smaller, lightly pigmented, broad, apically-
branched spicules without distinct sclerotized basal area; distance between
bases of spicules at least 3 times length of spicules. Proleg I more than twice
as large as proleg II, with 50 or more pigmented hooks arranged in a longitu-
dinal arc; proleg II with 20-30 hooks arranged in a transversearc. Hairs on all
segments shorter and lighter in color. Spiracular Apparatus: Anteromedian
lobe with distinct small sclerotization, bearing hair 3-S on each side; hair 13-S
longer and not as heavy, its distal part distinctly recurved; pecten teeth usual-
ly smaller. Anal Segment: Hair 4b-X much thinner and usually shorter than
hair 4c. o | ‘ ,

SYSTEMATICS. N. septentrionalis differs from otagensis chiefly in size,
color and wing venation. It is treated here as a distinct species but it may

possibly be only a geographical race of otagensis (see). However, in the small
series of adults (7) there is no overlap of diagnostic characters with the latter
species.

BIONOMICS. The immature stages of septentrionalis have been found in
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small mountain or hill streams with moderate to strong current. This species
seems to prefer moderate to deep shade and the margins of streams with strong
current. In collecting containers, the larvae rest more frequently with the
body fully extended than in the U-bend characteristic of most dixids. As indi-
cated under campbelli, 2 collections of septentrionalis included a few larvae of
the former but it seems probable that these were collected in quieter water.

The male adults of the type series were all collected on rocks at the foot
of a waterfall.

DISTRIBUTION (fig.26). Material examined: 84 specimens; 7 &, 3 pupae,
74 larvae; 2 larval individual rearings (1 incomplete).

NEW ZEALAND. South Auckland: Te Aroha, 28 Feb 1923, A. L. Tonnoir,
d holotype, 3 d paratypes [Nels], 1 & paratype [CANT, I-292], ¢ paratype
[BMNH]. Stoney creek, 26 Mar 1964, S (NZ 139), 11pd (139-101), 1 1P (139-
102), 50 L [UCLA].

Gisborne: Urewera National Park, Hopuruahine area, elev. ca 2900 ft, 27
Dec 1963, BS(NZ 56), 2 L [UCLA]; Hopuruahine area, Orangihikoa stream,
elev. 2450 ft, 30 Mar 1964, S (NZ 141), 20 L, 1 P [UCLA].

TRIBE PARADIXINI

Genus PARADIXA

1924. Dixa (Paradixa) Tonnoir, 1924b:222. TYPE SPECIES: *Dixa neozelandica
Tonnoir, 1924, New Zealand; selection of Edwards 1932:9.

Paradixa of Belkin (1962:105-106).
Dixella in part of Lane (1951); Nowell (1963); Hubert (1965); Peters and Cook

(1966).

FEMALES (figs.1,8). Head: Clypeus with a few bristles apically, in the
middle only. Antenna at least 1.5 as long as head and thorax together; flagellar
segments all elongate, cylindrical or filiform, segment 1 at least 8 times as
long as wide. Thorax: Acrostichals usually extending caudad on prescutellar
space; dorsocentrals extending to near parascutellum, posterior part of row
curved laterad; notopleurals usually 2-3; humerals usually numerous; fossals
1-2; paratergite narrow, bare; parascutellum strongly developed but without
bristles. Scutellum nearly perpendicular to mesonotum, without bristles caudad
of apical row; postnotum very large and bulging, bare. Apn and ppn with a few
bristles, stp without hairs; apparently no other pleural bristles or hairs pres-
ent. Legs: Hindtibia moderately swollenapically, comb strongly differentiated,
a narrow longitudinal ridge just proximad of comb, apparently consisting of
fused spicules which are continued in a narrow line ventrad at base of comb.
Claws of all legs with spicules on outer surface. Wing: Membrane and veins
dusky; microtichia of membrane large and uniformly densely distributed. Vein
Sc usually strongly developed and with bristles (except in tonnoiri), its apex
ending on C at or near level of furcation of R; cross vein h angled distad apical-
ly, a faint crossview at level of h connecting Sc to base of R; crossvein r-m at
or a short distance (less than own length) distad of furcation of Rs; crossvein
m-cu very weak, sometimes indistinct; bristles on vein M basad of r-m varied.
Alula with a marginal row of dorsal hairs only; margin of upper and lower

calypters bare. Haltere long, winglike; apparently with 4, 5 rows of bristles,
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2 of them marginal. Abdomen: Spiracles present only on IV-VII. Sternite I
without hairs. Genitalia: Segment VIII large, its tergite subequal to that of VII,
its sternite enlarged, about twice as long as that of VII. Tergite IX large, dor-
sal part strongly or weakly sclerotized; its lateral lobe joined to median part
at least at base. Postgenital plate strongly sclerotized in middle and projecting
as a triangular process beyond the small hairy lateral lobes. A distinct bursa
copulatrix present in all species, with strong internal sclerotizations; 1 large
spermatheca in segment VII, its duct varied in length and with opening in dor-
sal wall of bursa.

MALES. Essentially as in the females. Hindtarsal segment 1 without
differentiated spinelike bristles at base on ventral (lower) surface; tarsal
segments 5 without specialized recurved bristle at base. All claws enlarged and
with spicules externally; those of foreleg and midleg pectinate; those of hind-
leg simple or with 1 tooth only.

MALE GENITALIA (fig.7). Segment VIII: Tergite and sternite about 0.5
of corresponding sclerites of segment VII. Segment IX: More or less strongly
sclerotized and forming a complete ring. No membrane separating tergite
from sternite; boundary of tergite indicated by internal ridge on each side far
ventrad which provides a sternal articulation for sidepiece. Sternite thus re-
stricted to ventral surface, with bristles. Tergite with or without median dor-
sal caudal lobe, with bristles. Sidepiece with or without conspicuous lobes.
Clasper irregular in shape, with more or less distinct processes or lobes; sev-
eral to many spiniforms present. Phallosome: Very complex and with strong
sclerotizations. Prosophallus strongly developed and usually heavily sclero-
tized (except in harrisi); formed by a prosophallic sclerite continuous across
midline sternally but usually interrupted by a membrane on midline of tergal
surface (except in harrisi in which it encloses an unsclerotized median area).
Phallus with large broad shallow aedeagal pouch; penis filament not developed;
aedeagal sclerites broad, not distinctly separated from central part of proxi-
mal division of basal piece; separated from each other on midline by mem-
brane and not joined tergally. Opisthophallus very strongly developed; lateral
sclerite articulated with outer angle of outer part of the proximal division of
basal piece and with the base of the proctiger; with projecting spines or pro-
cesses. Distal division of basal piece moderately developed; proximal divi-
sion very strongly developed, with both a central part continuous with aedeagal
sclerites and a strongly sclerotized outer part articulating with opisthophallus.
Proctiger very prominent and complex, articulating at base with opisthophallus;
heavily sclerotized at base and bearing 1 or more spinelike processes with
heavy apical spiniforms; median portion, bearing anus, membranous; cercus
represented by more or less prominent lobe bearing 2 or more simple setae.

PUPAE. Cephalothorax: Antennal case extending beyond distal 0.75 of
wing case. Hair 2-C apparently always absent; hair 1-C apparently sometimes
absent; hair 3-C always well developed; hair 4-C always present; hair 9-C
usually near 8-C not x-C. Trumpet: short and broad; pinna narrow or broad-
ened but always without slit; apical margin of pinna smooth or sinuate, with
evenly-spaced row of rather broad crenulations hooked mesad; external surface
tracheoid at base only. Metanotum: Hairs 11, 12-C very close together in a de-
pression; position of hair 10-C varied. Abdomen: Hair 1-I-VI near hairs 2 and
3; hair 2-V-VIII near level of hairs 1 and 3; dorsal sensillum(s) associated with
hair 3 on all segments. Paddle: Hair 1-P at level of base of genital lobe or
distad.

LARVAE. Head: Head capsule relatively longer than in Nothodixa, its
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length about 0.9 of maximum width or more, less strongly emarginate middor-
sally on caudal border, nodistinct emargination on caudal border ventrolateral-
ly, tentorium strongly developed, anterior arm very long, reaching posterior;
labial process broad, truncate or rounded distally; collar more or less strongly
developed. Hairs 4, 5-C close together, distance between the 2 hairs 4-C twice
or more that between hairs 4 and 5 on one side; hairs 6,9, 10-C in posterior half
of head capsule; hairs 12, 13-C separated from each other by several times width
of their alveoli; hairs 14, 15-C both branched, 15-C near middle of labial pro-
cess. Antenna: Relatively long, about 0.6 or more of total head length; dis-
tinctly concave mesad in basal half; ventral surface with short triangular spin-
ules replaced by hairlike spicules distad of hair 1-A toward inner margin; hair
1-A inserted in basal 0.67; subapical clear alveolus apparently absent. Thorax:
Some of the prothoracic hairs as long as entire thorax; hair 2-P near level of
3-P; hairs in groups 2, 3-M, T widely separated, distance between them several
times width of 1 basal tubercle. Abdomen: Dorsum of segments without rosettes
of plumose spinules. Prolegs present on venter of I,II; with heavily sclerotized
pigmented hooks in 2 ranks, other small lighter hooks immediately adjacent
caudad. Ventral ambulacral combs on V-VIII consisting on each segment of a
pair of submedian straight lines of 6-8 slightly hooked spines in1 rank and cor-
responding internal sclerotized bars; the pair of lines separated by a small
median sclerite; venter of VII without prominent median caudal projection. Hair
1-I-V widely separated from hairs 2, 3; dorsal sensillum(s) associated with
hairs 2, 3 throughout; hair 14-I mesad of hair 13; hair 11-II caudad of hooks on
proleg; hair 12-VII present; at least hair 11-VII extending beyond middle of
~segment VIII; hair 6-VII at least 0. 67 of hair 7; hairs 3-5-VIII long, at least 1
of these reaching apex of spiracular lobe. Spiracular Apparatus: Spiracles
relatively larger than in Nothodixa and less widely spaced, distance between
them not morethan1.5 length of 1anterolateral lobe (without spicules). Antero-
median lobe with a forked basal sclerotization; hair 3-S on the forks, hairs

4, 5-S closer to hair 3 than to spiracle. Anterolateral lobe moderately large,
with a conspicuous sclerotized median process mesad of spiracle. Median plate
with 2 paired and 1 unpaired median plates developed; the paired ones continu-
ous with lateral plates, all plates with sharp simple spinules; membranous area
between them with thin hairlike spicules. Posterolateral lobe with apical ven-
tral pointed process; hair 8-S removed ventrad from lateral spicules, hair 12-
S near apex of lobe, hair 13-S not on lobe proper, basad of hair 14. Pecten
plate usually poorly sclerotized, with complex branched marginal spicules

or spinules and with smaller complex spicules overlying their bases; hair 1-S
always forked or branched, inserted near the middle of plate or in upper half.
Anal Segment: Basal saddle moderately developed, not bearing any hairs; hairs
4-X all much longer than posterolateral lobe of spiracular apparatus; supra-
anal spicules in 1 rank only; caudal process more or less distinctly separated
from cylindrical process; hairs 1-3-X without conspicuous barbs, longer than
combined length of 2 abdominal segments.

SYSTEMATICS. I am not accepting the synonymy of Paradixa with Dixella
Dyar and Shannon, 1924 (22 Oct; type species D. lirio Dyar and Shannon, 1924,
from Panama) which was first proposed by Lane (implied in 1949:257; stated
in 1951:336) and which has been followed by Nowell (1962), Hubert (1965), and
Peters and Cook (1966), apparently in every case without examining in detail
the respective type species. Only 2 other paradixine generic group taxa have
been proposed, both monotypic, Dixapuella Dyar and Shannon, 1924 (D. mar-
ginata Loew, 1863, Washington, D.C.), and Dixina Enderlein, 1963 (D. ob-
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scura Loew 1849, Europe). No serious attempt at a classification of the para-
dixines has ever been made and the tendency has been to describe species pri-
marily on the basis of wing color pattern and venation and superficial structures
of the male genitalia (clasper and sidepiece specializations), and to lump them
all into 1 genus. Peters and Cook (1966) described what I believe to be the sig-
nificant features of the phallosome and proctiger of the males but did not fig-
ure them or use them to group species. It is evident that on the basis of these
structures at least 3 distinct major phylads were included in their concept of
Dixella, possibly one of them congeneric with lirio and another with neozeland-
ica. This view is supported by differences I have noted in the larvae of a few
species from California.

For the present 1 am characterizing Paradixa primarily on the features
of the male phallosome and proctiger listed above in the diagnosis of the genus.
In addition to the 4 New Zealand species treated here the genus includes 2 spe-
cies from Tasmania (tasmaniensis and unipunctata) and 2 species from New
South Wales (nicholsoni and humeralis) all described by Tonnoir (1924a). No
other species can be definitely assigned to Paradixa at this time but it appears
that this genus may be represented by several forms in the Holarctic region. No
species of Paradixa nor any paradixine at all is known from Patagonia and South
Chile. None of the ""neotropical" species of Dixa (Dixella) of Lane (1953) appears
to be a true Paradixa.

The New Zealand species of Paradixa fall into 2 groups on the basis of
characters of the male genitalia, larvae and pupae. The single known species
in the harrisi group appears to have a relict population structure and is cur-
rently known only on North Island. The neozelandica group includes 3 species,
one of which, tonnoiri, appears to have a relict population structure and is
known only on South Island. The other 2 species of the group, neozelandica and
fuscinervis, are dominant modern forms with nearly identical wide distribu-
tions throughout both North Island and South Island. The 3 species of the neo-
zelandica group are obviously derivatives of the same stock; their larvae and
pupae are very similar and the only striking differences are in unique special-
izations of the male genitalia. Each species has a distinct. wing pattern but the
differences are primarily in the extent and density of infuscation.

There is no gross ecological differentiation in species of Paradixa in New
Zealand, the 4 species usually occurring sympatrically, even in the same
breeding site, tonnoiri, neozelandica and fuscinervis on South Island, and
harrisi, neozelandica, and fuscinervis on North Island. There is no indication
of geographical differentiation in the 2 dominant modern species while the allo-
patric distributions of tonnoiri and harrisi involve members of 2 different
groups. The complexity and unique development of the structures of the phallo-
some and proctiger of the male genitalia in each species coupled with lack of
ecological differentiation and with sympatric occurrence suggest that in these
forms the effective mechanism of species separation is a mechanical barrier
in mating. This interpretation is supported by the fact the females of all spe-
cies possess a complex bursa copulatrix with an apparently unique development
of internal sclerites in every species. It would be interesting to study these in
detail to see if there is a''lock and key'' correspondence of the female and male
genitalia in every species.

The analyses presented in the preceding paragraphs suggest the following
pattern of evolution and speciation of Paradixa in New Zealand. -First, the
problem of whether 1 or 2 lineages entered New Zealand cannot be resolved
definitely at this time because I have not seen extralimital material to deter-
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mine the possible presence of the harrisi and neozelandica groups elsewhere in
the World. However, Tonnoir's illustrations and descriptions suggest that none
of the described Tasmanian and Southeast Australian species belongs to either
group. Therefore, for the present, I am postulating that only 1 lineage of
Paradixa reached and survived in New Zealand. Since tonnoiri possesses the
largest number of generalized features in the male genitalia and in the larva I
believe that this species is closest to the original stock. The first derivative
was harrisi and it was formed probably in geographical isolation somewhere in
the area of the present-day North Island very soon after the arrival of Paradixa
in New Zealand. Further speciation was apparently restricted to the neozeland-
ica group and probably occurred much later. Neozelandica and fuscinervis
may have arisen contemporaneously as aresult of a tripartite geographical iso-
lation of the tonnoiri stock and later become sympatric when the isolated areas
were reunited. However, fuscinervis may have arisen at a later date than
neozelandica either from the latter or from tonnoiri; the dominance of fusciner-
vis might be interpreted as evidence in support of more recent origin of this
species. There is no way to localize the place of origin of either fuscinervis
or neozelandica since they have nearly identical distributions and since relative
abundance and dominance would lead to ambiguous conclusions.

As indicated under Nothodixa, I believe that the absence of Paradixa from
Patagonia and South Chile where Nothodixa is strongly represented is probably
due to a later dispersal of Paradixa, at a time when no suitable land bridges
existed between New Zealand-Australia and southern South America.

BIONOMICS. In New Zealand, Paradixa is much more common than No-
thodixa probably because the range of its breeding sites is muchwider. Almost
all types of fresh ground waters are utilized except large rivers and the swiftest
small streams. Two of the species, neozelandica and fuscinervis, are conspic-
uous elements of the culicid fauna of New Zealand. However, even these widely
distributed species usually have very small populations.

Paradixa larvae can usually be distinguished from Nothodixa in the field
by the lack of abdominal rosettes projecting above the water surface film. In
natural habitats they normally rest on the edges of the breeding sites with the
body bent in a U, only the head and tail ends in the water. The larvae are
capable of crawling out of water and can move rapidly on the surface film by a
backward looping motion. Pupae can swim but are most frequently found par-
tially or completely out of water but, of course, surrounded by a water film.
Emergence of the adult takes place from the pupa completely out of the water.
Both sexes can be found resting onvegetation in shaded protected places around
the breeding sites. In the laboratory they live only a few days. Males of some
species fly in small swarms, usually near sunset. Eggs are laid on the edge
of the water in a gelatinous mass in which the first instar larvae remain up to
24 hours (Forsyth 1968). The aquatic cycle is completed in about 4 weeks in
the laboratory.

Keys to Species

Adults

1. All veins in distal part of wing, particularly R4.5, with distinct broad
marginal infuscations . . . . . « . . . J1. fuscinervis

Veins in distal part of wing at most Wlth very narrow indistinct margin-

al infuscations . . . . . . . . . . . ... 00000002
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2(1).

3(2).

2(1).

3(2).

2(1).

3(2).
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Wing without blotch on r-m and base of branches of radial sector .
.. . 8. tonnoiri
ng W1th more or less d1st1nct blotch on r-m and base of branches of
radial sector. . . . . . . . . . . . . e . e e e e e e e e e 3

Wing blotch small, invading only apex of cell R, otherwise confined to

vein margins. . . . . 6. neozelandica
Wing blotch large, 1nvad1ng apeX of cell R base of cells R5 and Rq and
projecting intocell Ry. . . . . . . . . . . . . . . . . 9, harrisi

Male Genitalia

Sidepiece with a winglike claspette lobe developed from the mesosternal
margin . . . . e+ « « « « « « « « 9. harrisi
Sidepiece without W1ng11ke claSpette lobe e e e e e e e e e e e . 20

Sidepiece with a prominent elongate basal tergomesal lobe bearing a
heavy apical spiniform . . . . . . . .6.neozelandica
Sidepiece without prominent elongate basal tergomesal lobe e e . 3
Subapical lobe of sidepiece with at least 1 dark spiniform; clasper W1th
only a basal lobe bearing several dark spiniforms . . .7. fuscinervis
Subapical lobe of sidepiece without any dark spiniforms; clasper with
both a basal and a median lobe each bearing several dark spiniforms
. 8. tonnoiri

Pupae

Pinna of trumpet widely flared apically; paddle hair 1-P at level of base
of genital lobe . . . . . . + « 9. harrisi
Pinna of trumpet narrow ap1cally, not flared paddle ha1r 1-P at level
beyond m1dd1e of genital lobe . . . .
Ce e e | 6. neozeland1ca 7 fuscmerv1s 8 tonn01r1

Larvae

Ventrocaudal border of pecten plate with 3-5 very large dark teeth fused
at base; pecten hair 1-S irregularly dendritic; anal segment short,
subequal to length of posterolateral lobe of spiracular apparatus.

. .o 9. harrisi

Ventrocaudal border of pecten plate W1th separate teeth subequal to those
elsewhere; pecten hair 1-S forked or 2, 3-branched; anal segment
long, at least 1.25 length of posterolateral lobe of spiracular appa-
ratus . . . L L L . e e e e e e e e e e e e e e e e e e e e 2

Dorsum of thorax without any spicules visible at 100X; antenna much

darker than head capsule . . . . . . . .. fuscinervis
Dorsum of thorax with distinct sp1cules V1S1ble at IOOX antenna concol-
orous with or lighter than head capsule . . . . . . . . . . . . . 3

Basal postpecten spines very large and dark no d1fferent1ated apical
postpecten spicule . . . . . . . . 6.neozelandica

Basal postpecten spines very small llght in color a conspicuous dif-
ferentiated apical postpecten sp1cu1e e« « « « « « « . . 8.tonnoiri
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6. Paradixa neozelandica (Tonnoir)
Figs.1,8,9, 27

1924. Dixa neozelandica Tonnoir, 1924b:228-229. TYPE: *Holotype ¢, Aniseed
Valley, Nelson, N.Z., from small rivulet, 21 Mar 1922, A. L. Tonnoir
[NELS].

Paradixa neozelandica of Belkin (1962:106-107).

Dixa (Paradixa) neozelandica of Tonnoir (1925:311); Edwards (1932:14); Taylor
(1934:7); Nowell (1951:238).

Dixa neozelandica of Cooper and Rapp (1944:251); Miller (1950:45).

ADULTS (figs.1, 8; Tonnoir 1924b:fig. 2; Belkin 1962:figs. 32, 34). Wing:
3.0-4.25 mm. Forefemur: 1.4-1.75 mm. Abdomen: about 1.75-2.25 mm.
As figured here and as described by Belkin (1962:106-107) except for the
following corrections and diagnostic features. General coloration brown with a
variable amount of lighter, yellowish markings. Wing with an inconspicuous
dilute cloud on r-m restricted to vein margins and apex of cell R but not in-
vading cell R1; no distinct marginal infuscations on other veins, although some
of them, particularly Rs and base of Cu appear darker. Head capsule, including
entire clypeus, dark brown; flagellar segment 1 about 12 (11-13) times as long
as wide and about 1.7 of length of segment 2. Mesonotum light brown on disc
and prescutellar space, dark brown in front and sides, margined with lighter
yellow color on humeral angle and above pleuron; pleuron dark in the center and
below, lighter (yellowish) on upper part along mesonotum and wing base and
along a band from forecoxa to metapleuron; thoracic bristles strong, dark.
Legs brown to light brown, apices of femora and tibiae darkened; distal part of
forecoxa and all of midcoxa and hindcoxa whitish. Haltere largely light, some-
what darkened in middle part of stem.

MALE GENITALIA (fig.8; Tonnoir 1924b:fig.7; Belkin 1962:fig.33). As
figured here and as described by Belkin (1962:107), with the following cor-
rections and diagnostic features. Sidepiece: A prominent slender short apical
lobe bearing distally 2-4 short heavy spiniforms and several bristles, some
thickened; a prominent thumblike basal mesal lobe bearing apically a long,
very heavy dark spiniform. Clasper with poorly indicated submedian lobe
bearing numerous spiniforms, latter present alsodistally toward apex of clasp-
er. Phallosome: Prosophallic sclerite very broad, hollowed out in the center
on median projecting lobe. Aedeagal sclerites narrow near base, elongate on
distal part which is bent at an angle of about 900 cephalad. Proximaldivision of
basal piece very broad. Opisthophallus with a prominent spiculose lateral scle-
rite bearing a thumblike process at its inner proximal angle and a slender
fingerlike straight process with an apical spiniform from the middle of its
mesal margin. Proctiger: Sclerotizations restricted; a heavily sclerotized
small basal ventrolateral plate produced on its caudomesal angle‘into a very
long slender process which bears an apical spiniform and is recurved at base
so that it projects behind proctiger's apex; a poorly sclerotized dorsolateral
plate bearing spicules ventrally and produced at its dorsolateral angle into a
long slender spinelike process strongly recurved cephalad distally and bearing
an apical spiniform and 2-5 subapical cercal bristles.

PUPA (fig.9). Abdomen: 3.1 mm. Trumpet: 0.21 mm. Paddle: 0.73 mm.
General morphology and chaetotaxy as figured; diagnostic characters as in the
key; indistinguishable from fuscinervis and tonnoiri. Cephalothorax uniformly
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moderately to lightly pigmented throughout; dorsal surface, except on midline,
with small sparse tubercles; hairs moderately pigmented. Trumpet more or
less barrel-shaped, not widened apically, variable in length; uniformly moder-
ately pigmented, a little brighter than cephalothorax. Abdomen uniformly
lightly to moderately pigmented; tubercles indistinct except laterally; hairs
moderately pigmented. Paddle moderately pigmented; serrations of internal
and external margins variable; hair 1-P somewhat variable in position but al-
ways distad of level of middle of genital lobe. |
LARVA (fig.9; Tonnoir 1924b:figs. 12A, 12D). Head: 0.48 mm. Postero-
lateral Lobe: 0.35 mm. Anal Segment: 0.50 mm. General morphology and

chaetotaxy as figured; diagnostic characters as in the key; very similar to
fuscinervis and tonnoiri. Head: Uniformly moderately pigmented a clear

brownish yellow except for darkened antennal tubercle and patches of darkened
areas caudomesad, and black collar; hair pigmentation moderate; hair 11-C
usually with 2, 3 forks. Antenna uniformly moderately pigmented, concolorous
with general surface of head capsule. Thorax: Dorsum of posterior part of
prothorax and all of meso- and metathorax with short thickened spicules clearly
visible at 100X and shorter than distance between their bases; sides of all seg-
ments with spicules longer, finer and densely packed; venter of prothorax with
very fine long spicules very densely packed except for posterior part where
they are thickened and more widely spaced; venter of meso- and metathorax
with very fine short spicules densely packed in short transverse lines except
on anterior part of mesothorax where they are similar to those on posterior
part of prothorax; hairs heavily to moderately pigmented, all single. Abdomen:
Spiculation of segment I as on metathorax; spiculationof segments II-VI largely
restricted to midventral areas, spicules progressively longer and more numer-
ous on distal segments, particularly proximad of ambulacral combs on each
segment, dorsal intersegmental areas with shorter heavier spicules; segments
VII, VIII with sparse spicules evident on the sides and dorsum in addition to
the usual long dense ventral spiculation as on preceding segments. Prolegs I, II
each with about 15-19 large dark hooks in anterior row. Ambulacral combs
with about 7 large spines on each side of median sclerite on segments V, VI
and about 5, 6 spines on segment VII. Hairs strongly to moderately pigmented.
Spiracular Apparatus Hair 13-S about as long as posterolateral lobe, rather
thin and attenuate apically. Pecten plate moderately to lightly pigmented, with
sparse hairlike spicules in basal part; posterior margin with a row of large
teeth mostly with 2 subequal spines; proximad of these teeth 2 rows of broad
apically fringed spicules; 2,3 very large black basal postpecten spines arising
from a large basal sclerite; apical postpecten spicule not developed; pecten
hair 1-S 2-branched or 2-forked. Anal Segment: Unsclerotized part of segments
IX,X with dense long spiculationon venter as on preceding segments; scleroti-
zation uniformly moderately pigmented except for darkened base of saddle and
apex of process; a few light hairlike spicules on basal saddle and longer similar
spicules on entire surface of caudal process; length of entire sclerotized part
about 1.4-1.5 of posterolateral lobe; postanal spicules relatlvely short, less
than twice the length of cylindrical process.

SYSTEMATICS. Adults of neozelandica are usually readily distinguished
from all other New Zealand dixids by the characteristic infuscation around r-m
of the wing. P. harrisi has a somewhat similar infuscation but it is larger and
more intense than in neozelandica. P. tonnoiri apparently lacks this infuscation
but as noted under this species this may be due to the teneral condition of the 4
known specimens. The degree of infuscation in neozelandica varies consider-
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ably; in addition to the weak cloud on r-m there are more or less distinct in-
fuscations on the distal part of nearly all the veins and at the base of Cu, but
these infuscations rarely approach the condition in fuscinervis-and there is no
difficulty usually in separating the 2 species because of the much larger and
denser cloud on r-m in fuscinervis. The variation in wing infuscation in neo-
zelandica does not appear to be correlated with differences in ecological or
geographical origin of the samples. In the series of neozelandica from the colo-
ny established by Forsyth (1968) a number of striking anomalies in the wing ve-
nation have been noted, primarily unilateral, as indicated under Neodixa minu-
ta. I have not seen any such anomalies in adults reared from larvae collected
in nature. As in the case of other species of New Zealand Paradixa, the male
genitalia of neozelandica are very characteristic. There is no significant vari-
ation in the unique development of the phallosome and proctiger complexes. On
the other hand, the lobes and spiniforms of the sidepiece and the spiniforms of
the clasper show a great deal of variation within a single population but as in
the case of wing characters there is no indication of ecological or geographical
differentiation in these structures. P. neozelandica differs from all other New
Zealand paradixines in the development on the sidepiece of a prominent basal
lobe with a heavy apical spiniform. The main body of the lateral sclerite of the
opisthophallus of neozelandica is very strongly developed as a prominent spicu-
late lobe extending laterad. This lobe is homologous with differently developed
structures infuscinervis and tonnoiri but is completely different from the clasp-
ettelike lobe developed from the sidepiece in harrisi.

The larva of neozelandica is very similar to fuscinervis and particularly
tonnoirifrom which it is differentiated primarily by the presence of very strong-
ly developed and very dark postpecten spines arising from a distinct basal scle-
rite. P. fuscinervis has similar but much smaller and lighter postpecten spines
and in addition has dark antennae and lacks distinct thoracic spiculation. There
is considerable variation in the development of the pecten teeth and basal post-
pecten spines in neozelandica but no significant overlap in the latter character
with the other 2 species and no indication of anything but individual variation
for both characters. »

P. neozelandica is undoubtedly closely related to fuscinervis and tonnoiri
as indicated by basic similarity in all stages, all 3 species being strikingly dif-
ferentiated only in the male genitalia. In extent of geographical and ecological
range and in abundance and dominance, neozelandica approaches fuscinervis.
This may indicate that it was the second derivative of this lineage, the neoze-
landica complex.

BIONOMICS. P. neozelandica has nearly as wide a range of natural
breeding sites as fuscinervis but appears to be less common. It has been col-
lected in pools, ponds and swamps more frequently than fuscinervis and this may
indicate that it has a preference for quieter water. Several collections are
known from streams with moderate to fast general current but it is possible
that in such situations neozelandica breeds in the quieter parts of the streams.
The light conditions in the breeding sites ranged from deep shade to full sunlight.
In all but 8 of the total of 50 larval collections, neozelandica was associated
with fuscinervis. P. neozelandica was found in 3 of the 4 larval collections of
tonnoiri, in 6 of 10 collections of harrisi, in 7 of 17 collections of Nothodixa
campbelli, but never with Nothodixa septentrionalis.

P. neozelandica apparently does not penetrate infto mountainous areas as
much as fuscinervis, but like fuscinervis it has taken advantage of man-made
habitats. It has been collected in ditches and has been found in experimental
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ponds at the Mangere Sewage Treatment Plant in Auckland. As in the case of
fuscinervis, the larval populations of neozelandica are usually small and only a
few adults are found resting in the vegetation surrounding the breeding sites.

P. neozelandica is the only dixine colonized to date (Forsyth 1968). In
this colony, maintained for 5 generations, females oviposited within 72 hours
of emergence and without taking any food. From 25 to 78 eggs were enclosed
in a single circular gelatinous mass which was attached to the walls of the tank
at the water level. The larvae hatched after 4 days but remained in the gelati-
nous matrix up to 24 hours before swimming out. The aquatic cycle lasted an
average of 30 days at 200C and'the adults lived on the average only 4 days.

DISTRIBUTION (fig.27). Material examined: 1324 specimens; 101J, 1669,
3 adults, 902 larvae, 152 pupae; 131 individual rearings (82 larval, 43 pupal,

6 incomplete).

NEW ZEALAND. North Auckland: Mangamuka Gorge, 2 mi N of Soda
Spring, 21 Dec 1963, BS (NZ 41), 11pd (41-111), 21pQ (41-107,110), 5 L
[UCLA]; same data (NZ 42), 1 & [UCLA]. Dome Valley, 2 Jan 1965, F (NZ
198B), 1 d, 2 @ [UCLA]. Mangawhai Heads, elev. 12 m, 2 Jan 1965, F (NZ
198A), 12, 3 L[UCLA]. Mahurangi Heads, Martins Bay, elev. 3 m, 26 Dec
1964, F (NZ 196), 2 1po (196-102,103), 1 1p? (196-101), 1 1p (196-104), 1 ¢
[UCLA]; 29 Dec 1964, F (NZ 197), 2 1p?Q (197-101,103), 1 p% (197-102), 1 L
[UCLA]. Albany, Rosedale Road, elev. 100 m, 18 May 1964, F (NZ 182), 1 1p¢?
(182-123), 11p (182-121), 4 L. [UCLA]. Bethells Road Swamp, 10 Jan 1965, F
(NZ 200B), 1 pd (200B-101), 1 p? (200B-102), 15, 2%, 2 L [UCLA]; 12 Jan
1965, F (NZ 202), 15, 12, 1 L [UCLA]. Waitakere Ranges, edge of Cascade
Park, 18 Dec 1963, BS (NZ 35), 4 L. [UCLA]; elev. 20 m, 15 Nov 1964, F (NZ
195B), 2 L [UCLA]. Nihotupu, 23 Feb 1923, A. L. Tonnoir, 1 A [NELS]. Titi-
rangi Beach, 30 Dec 1963, BS (NZ 64), 6 1p?% (64-102, 103, 105-108), 1 ¢, 2 2,
17T L, 5 P[UCLA]; 11 Jan 1964 (NZ 94), 11p? (94-105), 1 pd (94-104), 1 p?
(94-102), 86 L [UCLA]. Titirangi, French Beach, elev. 5 m, 4 July 1964, F
(NZ 192), 15, 2 L [UCLA]. Mangere Sewage Treatment Plant, 9 Mar 1965, F
(NZ 209A,B,C), 11pd (209B-102), 17 1p? (209B-101,103-111, 114,115,123,
126-129), 4 pd (209B-113,116,119,120), 7 p% (209B-112, 117, 118, 121, 122, 124,
125), 3 o, 32 (209A), 30 L, 1 P (209B), 305, 382, 10 L, 5P (209C) [UCLA];
Mangere Purification Plant, experimental pond A, 15 June 1965, F (NZ 215),
11pQ (215-11), 1 pd (215-10) [UCLA]; same data except experimental pond B
(NZ 216A), 11p? (216A-110), 5 pd (216A-100-102,104, 109), 5 p? (216A-103,
105-108), 1 d, 19 [UCLA]. Avondale, elev. 60 m, 23 Nov 1964, F (NZ 216B),
11p?(216B-102), 1 p? (216B-101), 155, 5@ [UCLA]. Tuakau, elev. ca 10 m,
9 June 1964, F (NZ 190), 2 L. [UCLA].

Little Barrier Island: Waipawa stream, 75-100 ft from mouth, 6 Mar 1964,
S (NZ 130), 11pd (130-101), 51p? (130-102-104, 107,108), 1 pd (130-105),

1 p?(130-106), 25, 29, 40 L, 3 P [UCLA]. Hut Bay Creek, near sea level,
8 Mar 1964, S (NZ 134), 1 L. [UCLA].

Great Barrier Island: Port Fitzroy, 12 Mar 1964, S(NZ 138), 42 L{UCLA].

South Auckland: Coromandel, 25 Apr 1964, N (NZ 221), 25 L [UCLA]. Te
Aroha, 10 mi S, 5 June 1965, F (NZ 211), 2 1p® (211-100,.102), 1 pd(211-103),
19, 14 L [UCLA].

Gisborne: Ormond, Waihirere Domain, 25-26 Dec 1963, BS (NZ 48), 2 1p?Q
(48-109,114), 1 p? (48-103), 34 L [UCLA]; 28 Mar 1964, S (NZ 140), 1 1p?
(140-102), 2 pd (140-101,104), 1 1p (140-105), 10 L [UCLA]. Hexton, bridge
H20, S16-41, 26 Dec 1963, BS (NZ 50), 1 1pd (50-112), 51pQ (50-113-117),

12 L, [UCLA].
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Wellington: Manunui turnoff between Piriaka and Taumarunui, 7 June 1965,
F (NZ 213), 1 1pd (213-104), 2 1p? (213-101,103), 1 p9(213-105), 1 L[UCLA].
Piriaka, elev. 200 m, 5 Jan 1965, F (NZ 199), 1 1pQ (199-102), 2 L. [UCLA];
28 Mar 1965, F (NZ 210), 2 & [UCLA]. Pokaka, 10 Jan 1964, BFS (NZ 86),

8 L [UCLA]. Ohakune, Mountain Road, 9 Jan 1964, BFS (NZ 83), 11 L[UCLA];
pond on bend of Lake Road, 9-10 Jan 1964, BFS (NZ 85B), 4 1pd (85B-108,
110, 113, 120), 10 1p9 (85B-102, 104-107, 109, 115-118), 2 po (85B-112, 114),

3 p? (85B-101,103,111), 11p (85B-119), 1 &, 179 L, 3 P [UCLA]; Rangataua
Reserve Lake, elev. 600 m, 6 June 1965, F (NZ 212A), 1 @ [UCLA]; Ohakune,
8 Mar 1923, A.L. Tonnoir, 1 J [BMNH]|, Mar 1923, T.R. Harris, 1 &[BMNH],
May-July 1923, T.R. Harris, 1 ¢ [BMNH], Feb 1924, T.R. Harris, 1 Q[ BMNH].

Nelson: The Glen, 12 Mar 1964, S (NZ 168), 11p% (168-101), 8 L[UCLA].
Wakapuaka, Glen Road, 12 Mar 1964, S (NZ 167), 2 L [UCLA]. Maitai River,
near Pole Ford Bridge, 14 Mar 1964, S (NZ 170), 9 L. [UCLA]; at Smith's ford,
14 Mar 1964, S (NZ 171), 9 L [UCLA]. Nelson Reservoir, 12 Mar 1964, S(NZ
162), 7 L [UCLA]. Nelson, near DSIR, 3 Jan 1964, B (NZ 73A & B), 4, 4 L
[UCLA]. Nelson, 3 Dec 1921, A.L. Tonnoir, 2 J paratypes (I-293,1-294)
[CANT]; 30 Oct 1923, A.L. Tonnoir, 1 A paratype [NELS]. Annesbrook, elev.
ca 20 m, 10 Mar 1964, S (NZ 158), 1 1pQ (158-101), 7 L [UCLA]. Blick's Val-
ley, 12 Mar 1964, S (NZ 164), 1 pd (164-101), 9 L [UCLA]. Dodson's Valley,
elev. ca 68 m, 12 Mar 1964, S (NZ 165), 3 L [UCLA]. Todd's Valley, 12 Mar
1964, S (NZ 166), 1 1pQ (166-102), 6 L. [UCLA]. Aniseed Valley, 21 Mar 1922,
A.L. Tonnoir, d holotype, 1d, 2 @ paratypes [NELS]; 5 Jan 1964, BG (NZ
80), 3 1p¢% (80-106-108), 19 L. [UCLA]. Howard Junction, 13 Mar 1964, S (NZ
169), 17 L [UCLA]. Gowanbridge, 9 Feb 1964, S (NZ 122), 5 L. [UCLA]. Gow-
an River, road to Lake Rotoroa, 9 Feb 1964, S (NZ 121), 2 p% (121-101, 102),
90 L [UCLA]. New Creek Road, between Murchison and Kawatiri Junction, 8
Feb 1964, S (NZ 116), 1 L. [UCLA].

Westland: Hercules Mt, S of Harihari, 7 Feb 1964, S (NZ 115), 1 1p (115-
109); 1 L [UCLA]. Whataroa, 7 Feb 1964, S (NZ 114), 8 L [UCLA].

Canterbury: Christchurch, 28 Nov 1924, 1 @ [USNM]. Purau Creek, 20
Feb 1922, A.L. Tonnoir, 19 paratype [NELS], 1 @ paratype [CANT]. Timaru,
Scenic Reserve, 24 Jan 1964, S (NZ 100), 3 1p?® (100-103,104,114), 1 1p (100-
110), 8 L [UCLA].

Otago: Waianakarua River near bridge of main road, 25 Jan 1964, S (NZ
102), 11p?Q (102-120), 1 1p (102-122), 66 L. [UCLA]. Dunedin, Blackhead, 23
Feb 1964, N (NZ 217), 1d, 29, 7T L [UCLA]. Queenstown, Ben Lomond, 2
Feb 1964, S (NZ 111), 1 L [UCLAL. |

New Zealand, location uncertain: Horseshoe Lake, 11 Nov 1924, 19 [USNM].

7. Paradixa fuscinervis (Tonnoir)
Figs. ', 10, 28

1924, Dixa fuscinervis Tonnoir, 1924b:229-230. TYPE: *Holotype ¢, Nelson,
N.Z., from small rivulet, 5 Sept 1922, A. L. Tonnoir [NELS].

Paradixa fuscinervis of Belkin (1962:109-110).

Dixa (Paradixa) fuscinervis of Edwards (1932:14); Taylor (1934:7); Nowell
(1951:234).

Dixa fuscinervis of Cooper and Rapp (1944:249); Miller (1950:45).

~ADULTS (Tonnoir 1924b:fig. 4; Belkin 1962:fig.34). Wing: 3.5-4.7 mm.
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Forefemur: 1.7-1.9 mm. Abdomen: about 2.2-2.5 mm. As described by
Belkin (1962:109); extremely similar to neozelandica and differing almost en-
tirely in wing ornamentation. Distal part of all veins from R to Cug9 with
rather broad marginal infuscations, particularly strong and wide on Cug and
M3.+4; all of Cu, base of 1A and hind margin of wing with more or less broad
marginal infuscations; a large conspicuous dark blotchon r-m extending across
furcation of Rs into cell R and almost touching vein R1. Somewhat larger than
neozelandica and usually lighter in coloration; clypeus usually lighter apically;
length and proportions of flagellar segments similar; mesonotum light brownon
entire disc except for darker restricted supraalar stripes (no medianor anterior
darkening); lateral mesonotal and pleural markings essentially similar to neo-
zelandica; thoracic bristles weaker and lighter. Legs lighter in color, coxae
similar to neozelandica.

MALE GENITALIA (fig.7; Tonnoir 1924b:fig. 6; Belkin 1962:fig.33). As
figured here and as described by Belkin (1962) with the following corrections
and diagnostic features. Sidepiece: A short apical lobe bearing 1 or more
slender spiniforms and several bristles apically; no basal mesal lobe; no basal
tergal bristles. Clasper with a conspicuous submedian lobe bearing about 10
short blunt spiniforms distally; shaft distad of lobe without spiniforms. Phallo-
some: Prosophallic sclerite narrower at base than in neozelandica, with avery
prominent long outstanding median process hollowed out on its posterior face.
Aedeagal sclerite essentially as in neozelandica but more heavily sclerotized
and broader throughout. Proximal division of basal piece less strongly devel-
oped. Lateral sclerite of opisthophallus narrower, rugose laterally but not
spiculose; its proximal process shorter, broader; its distal process shorter,
stouter, curved and arising farther distad. Proctiger: With strong basal ven-
trolateral sclerotization from which arises first a very long slender curved
spinelike process bearing an apical spiniform, more distally a shorter similar
spinelike process, and cephalad of the latter and at about same level a short
sclerotized thumblike truncate process bearing 2 widely separated apical cer-
cal bristles.

PUPA (fig.10). Abdomen: 3.4 mm. Trumpet: 0.25 mm. Paddle: 0.79 mm.
General morphology and chaetotaxy as figured; diagnostic characters as in
the key; indistinguishable from neozelandica and tonnoiri. Cephalothorax
uniformly moderately pigmented; tubercles apparently larger and more numer-
ous than in neozelandica; hairs lightly pigmented, difficult to see. Trumpet
more or less barrel-shaped, not widened apically, variable in length; uniformly
moderately pigmented, somewhat brighter than cephalothorax. Abdomen mod-
erately to lightly pigmented, sometimes slightly darker laterally; tubercles in-
distinct except laterally; hairs lightly pigmented. Paddle uniformly moderately
pigmented; serrations of internal and external margins variable; hair 1-P dis-
tad of level of middle of genital lobe.

LARVA (fig.10; Tonnoir 1924b:fig. 12C). Head: 0.53 mm. Posterolateral
Lobe: 0.33 mm. Anal Segment: 0.43 mm. General morphology and chaeto-
taxy as figured; diagnostic characters as in the key; very similar to neoze-
landica and tonnoiri, differing from the former primarily-in the following fea-
tures. Head capsule lighter in color. Antenna moderately pigmented, concol-
orous with basal tubercle and markedly darker than general coloration of head
capsule. Thoracic and abdominal spiculation poorly developed, indistinct ex-
cept on venter of thorax and distal abdominal segments; dorsum of thorax with-
out visible spiculation at 100X. Hair 13-S somewhat shorter than posterolateral
lobe of spiracular apparatus. Pecten plate lightly pigmented, poorly differenti-
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ated from unsclerotized part of segment, without distinct basal spicules; mar-
ginal pecten teeth weaker and shorter; basal postpecten spines developed but
weaker, straighter and lighter in color, usually 1 or 2. Anal sclerotization
much more lightly pigmented but darkened in the middle, length about 1.3 of
posterolateral lobe; basal saddle without distinct spicules; caudal process
shorter, spicules restricted to sides; postanal spicules about twice as long as
cylindrical process.

SYSTEMATICS. Adults of fuscinervis are usually readily distinguished
from all other New Zealand dixids by the characteristic infuscation of the wing.
Nothodixa campbelli and N. philpotti have somewhat similar patterns of wing
infuscation but are easily separated by striking differences in wing spotting
and also by the short antennae. As indicated under neozelandica, that spe-
cies has more or less distinct narrow marginal vein infuscations in addition
to a small cloud on r-m but in spite of considerable variation in wing infuscation
in fuscinervis there is no significant overlap between the 2 species. The most
reliable character to separate them is the much larger and denser cloud on r-m
in fuscinervis. The variation in wing infuscation in fuscinervis is strictly in-
dividual and does not correlate with any differences in ecology or distribution.
I have not noted any striking anomalies in the wing venation of fuscinervis in a
relatively large series. The male genitalia of fuscinervis have the greatest de-
velopment of the phallosome and proctiger complex of any New Zealand Para-
dixa but basically are of the type found in neozelandica and tonnoiri. There is
no significant variation in the unique development of any of these structures
and particularly in the very prominent median process of the prosophallus, the
very large aedeagal sclerite, and the very broad rugose lateral sclerite of the
opisthophallus and its spines. On the other hand, as in neozelandica, there is
a great deal of variation in the development of the apical lobe of the sidepiece
and the submedian lobe and spiniforms of the clasper. These variations are al-
so strictly individual and do not correlate with differences in ecology or geo-
graphical origin of the different populations.

The larva of fuscinervis is very similar to neozelandica and tonnoiri but
is readily separated from both by the very dark antennae and the absence of
conspicuous spiculation on the thorax. There is considerable variation in the
pigmentation and development of the pecten teeth and spicules and particularly
in the development of the basal postpecten spines. The latter, however, are
always much smaller and lighter in color than in neozelandica and much larger
than in tonnoiri and there is no significant overlap with either species. This
variation of the pecten structures is, as in the other species of the complex,
strictly individual. ,

As indicated under neozelandica, P. fuscinervis is closely related to this
species and to tonnoiri. It is the dominant species of the neozelandica complex
and the dominant dixid of New Zealand. Compared to the other widespread spe-
cies (neozelandica), it has a somewhat wider geographical distribution, a dis-
tinctly wider range of breeding sites, and usually predominates in numbers in
mixed populations. This suggests that it is the latest, most modern derivative
of the neozelandica complex.

BIONOMICS. P. fuscinervis has the widest range of breeding sites of all
New Zealand culicids. It has been found in all types of fresh ground waters, in
streams, seepages, pools, ponds, lakes and even swamps. Twice it was found
breeding in a fire barrel in association with Culex pervigilans and C. quinque-
fasciatus (NZ 45,66). P. fuscinervis apparently prefers slow-moving or still
water but is also found in streams with moderate or even strong current. It is
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most commonly found in partial shade but has also been collected frequently in
full sunlight and more rarely in deep shade. P. fuscinervis has been found in
association with all the other dixids whose immature stages are known, most
frequently with neozelandica, but in about half of some 80 larval collections of
fuscinervis no other dixid was present. In mixed collections fuscinervis is
usually the dominant species.

P. fuscinervis occurs in the hills and mountains as well as in broad val-
leys, plains and coastal areas. It has adapted well to changes in the environ-
ment brought about by man and breeds incities and agricultural areas. Although
it is the dominant New Zealand dixid its larval populations are seldom large and
only a few adults are found resting in the shade on vegetation surrounding the
breeding sites.

DISTRIBUTION (fig.28). Material examined: 2708 specimens; 131, 1799,
8 adults, 2051 larvae, 339 pupae; 221 individual rearings (138 larval, 69 pupal,
14 incomplete).

NEW ZEALAND: North Auckland: Mangamuka Gorge, 2 mi N of Soda
Spring, 21 Dec 1963, BS (NZ 41), 51p? (41-103, 104, 106,108, 109), 1 pd (41-
101), 1 1p (41-105), 46 L. [UCLA]; same data (NZ 42), 2 1pd (42-101, 104), 2
1p?Q (41-103,105), 1 pd (41-102), 23 L [UCLA]; S slope at bridge, 18 Feb 1965,
F (NZ 206), 11pd (206-131), 5 L [UCLA]. Ruakaka, 20 Dec 1963, BS (NZ 36),
1L [UCLA] Wellsford, elev. 100 m, 31 May 1964, D. Forsyth (NZ 188), 3 L
[UCLA]J; first bridge S of city, 16 Feb 1965, F (NZ 204 6 L [UCLA|. Dome
Valley, 2 Jan 1965, F (NZ 198B), 19 [UCLA] bridge S of Wellsford, 18 Feb
1965, F (NZ 208), 5 L [UCLA]. Albany, Rosedale Road, elev. 100 m, 18 May
1964, F (NZ 182) 11p? (182-124), 7 L [UCLA]. Bethells Road Swamp, 10
Jan 1965 F (NZ 200B), 1 pd (200B 103), 1 p? (200B-104), 15, 12, 2L[UCLA].
12 Jan 1965, F (NZ 202), 15, 2L [UCLA]. Bethells Road, near quarry, 11
Apr 1964, F (NZ 179), 11pd (179-104). Waitakere Ranges, edge of Cascade
Park, 18 Dec 1963, BS (NZ 35), 7 1p?% (35-101, 112-117), 6 pd (35-102, 104-
106, 109, 111), 4 p? (35-103,107,108,110), 15, 1@, 82 L, 6 P [UCLA]; same
general locality, 28 Dec 1963, BS (NZ 58), 1 pd (58-101), 30 L, 1 P [UCLA];
Waitakere stream, 20 Feb 1964, F (NZ 177), 1 & [UCLA]; same locality, date
and collector (NZ 178), 1 pd (178-101) [UCLA]; Bethells Road at Cascades
turnoff, elev. 20 m, 15 Nov 1964, F (NZ 195A & B), 1J (A), 10 L. (B)[UCLA|;
West Coast Road, first stream W of Scenic Drive, 8 Jan 1964, BS (NZ 81),
11pd (81-101), 2 1p? (81-102,103), 14 L. [UCLA]|; West Coast Road, stream
east of inlet to Nihotupu reservoir, 14 Jan 1964, S (NZ 98), 6 L [UCLA]. Swan-
son, Train Valley stream, elev. 166 m, 9 May 1964, F (NZ 183), 3 1po (183-
134,135,138), 2 1p® (183-136,137), 12 L [UCLA]. Henderson, Opanuku stream,
elev. 65 m, 26 Apr 1964, F (NZ 181), 11po (181-125), 91pQ (181-122, 124,
126-132), 11p (181-123), 2, 23 L, 1 P [UCLA]. Oratia, DSIR Field Station,
22 Dec 1963, BS (NZ 45), 3 L [UCLA] 30 Dec 1963, S (NZ 66), 2 1p?Q (66-101,
102), 6 L, 3P [UCLA]. T1t1rang1 Beach, creek above dam, 30 Dec 1963, BS
(NZ 64), 2 1p? (64-101,104), 2o, 12, 33 L [UCLA]J; 11 Jan 1964, BS (NZ94),
11pd (94-107), 1 1pQ (94-101), 1 p?P (94-103), 1 1p(94-106), 3, 116 L, 8 P
[UCLA]; Mahoe Road, elev. 2 m, 4 July 1964, F (NZ 193), 2 1p? (193-121, 122),
9 L. [UCLA]; same locality, elev. 5 m, 29 Nov 1964, F (NZ 195C), 1o, 19
[UCLA]. Titirangi, French Bay, elev. 50 m, 14 June 1964, F (NZ 189B), 1 L
[UCLA]; elev. 5 m, 4 July 1964, F (NZ 192B), 6 L [UCLA]. Avondale, elev.
60 m, 23 Nov 1964, F (NZ 216B), 1 p? (216B-101) [UCLA].

Little Barrier Island: Stream between Te Waikohare and Tirikikawa, elev.
Tm, 9 Oct 1963, S (NZ 11), 11p® (11-111), 11p (11-112) [UCLA]. Waipawa




Belkin: Culicidae of New Zealand ,< 43

stream, 75-100 ft from mouth, 6 Mar 1964, S (NZ 130), 5 L. [UCLA]. Tiriki-
kawa stream, elev. 30 m, 8 Mar 1964, S (NZ 131), 2 1pd (131-101,103), 1 1p?
(131-104), 1 pd (131-102), 16 L [UCLA]. Hut Bay creek, near sea level, 8
Mar 1964, S (NZ 134), T po (134-101), 4 L [UCLA].

Great Barrier Island: Port Fitzroy, 12 Mar 1964, S (NZ 138), 3 pd (138-
102,108,109), 1 p? (138-110), 95 L. [UCLA].

South Auckland: Te Aroha, 10 mi S, 5 June 1965, F (NZ 211), 3 L [UCLA].
Rotorua, Kuirau Hot Springs Reserve, 23 and 27 Dec 1963, BS (NZ 46), 1 1pd
(46-140) [UCLA].

Gisborne: Ormond, Waihirere Domain, 25-26 Dec 1963, BS (NZ48), 1 1pd
(48-104), 5 1p¢ (48-101, 106,107, 110, 112), 3 po (48-102,111,113), 1 1p (48-
108), 81 L, 1 P [UCLA]; 28 Mar 1964, S (NZ 140), 1 p¢ (140-103), 1, 8 L,
4 P [UCLA]. Hexton, at bridge H20, S16-41, 26 Dec 1963, BS (NZ 50), 1 1p¥?
(50-111), 3 L, 1 P [UCLA]. Urewera National Park, Orangihikoa stream,
elev. 2450 ft, 30 Mar 1964, S (NZ 141), 2 1p? (141-101,104), 1 pd (141-102),
4 L [UCLA]; Mokau Falls, 27 Dec 1963, BS (NZ 55), 1 L [UCLA]; Aniwaniwa
Falls, 27 Dec 1963, BS (NZ 52), 6 1pQ (52-101-104, 106, 107), 3 &, 1 ¢, 78 L,
6 P [UCLA]. Terapatiki, 27 Dec 1963, BS (NZ 51), 1 pd (51-101), 1 L[UCLA].

Wellington: Mapiu, 7 June 1965, F (NZ 214), 1 L [UCLA]. Between Piri-
aka and Taumarunui, 7 June 1965, F (NZ 213), 1 pd (213-102), 10 L. [UCLA].
Piriaka, elev. 200 m, 5Jan 1965, F (NZ 199), 11p¢ (199-103), 1 p9 (199-
105), 9 L [UCLA]; 28 Mar 1965, F (NZ 210), 1 & [UCLA]. Pokaka, 10 Jan 1964,
BFS (NZ 87), 10 1p9 (87-101, 108-113, 115-117), 5 pd (87-103-107), 2 1p (817-
102, 114), 75, 79, 87 L, 14 P [UCLA]; old road junction, 10 Jan 1964, BFS
(NZ 86), 3 1pd* (86-102-105), 11pQ (86-106), 17 L [UCLA]. Ohakune, Moun-
tain Road, 9 Jan 1964, BFS (NZ 83), 4 1pd (83-106, 109, 110, 115), 10 1p? (83-
103-105,107,108,111-114,116), 1 po (83-125), 128 L, 18 P [UCLA]; 26 Jan
1964, F (NZ 175), 4 L [UCLA]; Rangataua Reserve Lake, 9 Jan 1964, BFS (NZ
84), 1 L [UCLAJ; pond at bend of Lake Road, 9-10 Jan 1964, BFS (NZ 85B),

17 L [UCLA]. Ohakune, Sept 1922, T.R. Harris, 1 ¢ [BMNH], 10 Nov 1922,
T.R. Harris, 19 [BMNH], 15 Dec 1922-15 Jan 1923, T.R. Harris, 1 @ [BMNH],

Nelson: Riwaka River, North branch, Crystal Pool, 4 Jan 1964, BF (NZ
74), T1po (74-105), 7 1pQ (74-101-104,106-108), 4 &, 8 ¢, 21L, 22 P[UCLA]J;
Riwaka River valley, north branch, 4 Jan 1964, BG (NZ 75), 1J, 1%, 8L, 1P
[UCLA]. The Glen, 12 Mar 1964, S (NZ 168), 1 1p$ (168-102), 4 po' (168-105,
106,108,109), 1 p? (168-107), 32 L. [UCLA]. Wakapuaka, Glen Road, 12 Mar
1964, S (NZ 167), 1 1pd (167-101), 8 L [UCLA]. Todd's Valley, 12 Mar 1964,
S (NZ 166), 1 1pd (166-101), 59 L [UCLA]. Dodson's Valley, 12 Mar 1964, S
(NZ 165), 34 L [UCLA]. Blick's Valley, 12 Mar 1964, S (NZ 164), 55 L [UCLA].
Nelson Reservoir, 12 Mar 1964, S (NZ 163), 7 L [UCLA]. Nelson, N Branch
Maitai River, elev. ca 400 ft, 11 Feb 1964, S (NZ 123), 1 & [UCLA]; junction
Maitai River and Sclanders stream, 11 Feb 1964, S (NZ 125), 1 1p¢ (125-102),
2 po (125-103,105), 2 p9 (125-101, 106), 1 1p (125-104), 73 L, 3 P [UCLA]J;
South Branch Maitai River, 11 Feb 1964, S (NZ 127), 5 L. [UCLA]; Maitai
River, near Pole Ford, 14 Mar 1964, S (NZ 170), 24 L. [UCLA]; Maitai River
and Dod's Creek, 14 Mar 1964, S (NZ 171), 34 L. [UCLA]; Cawthron Park,
elev. ca 450 ft, 11 Feb 1964, S (NZ 124), 36 L [UCLA]; near DSIR, 3 Jan1964,
BG (NZ 73A, B), 11pd (73-108), 6 1p? (73-101-104, 107, 109), 2 1p (73-105,
106), 154, 139, 112 L, 19 P [UCLA]. Nelson, 10 Aug 1922, A.L. Tonnoir,

1 & paratype [NELS], 5 Sept 1922, A.L. Tonnoir, d holotype, 1 A paratype
[NELS], 20 Sept 1923, A.L. Tonnoir, 1 A paratype [NELS], 1 ¢ paratype
(I.299) [CANT], 28 Sept 1923, A.L. Tonnoir, 1 & paratype [BMNH]|, 7 Dec
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1921, A.L. Tonnoir, 1 & paratype (I-301) [CANT]|. Ngawhatu Mental Hospital,
11 Mar 1964, S (NZ 159), 1 1pd (159-101), 3 L [UCLA]. Annesbrook, elev. ca
20 m, 10 Mar 1964, S (NZ 158), 6 1p9 (158-102-104, 106-108), 1 po (158-105),
57 L, 3 P [UCLA]. Brightwater, 11 Mar 1964, S (NZ 161), 1 1pJd (161-101),

2 L [UCLA]. Aniseed Valley, 5 Jan 1964, BG (NZ 79), 9 L, 1 P [UCLA]; same
locality and date (NZ 80), 2 1p? (80-101, 105), 20 L. [UCLA]. Lake Rotoiti, 9
Feb 1964, S (NZ 117), 1 pd (117-108), 12 L, [UCLA]. Howard Junction, 1 mi
E, 13 Mar 1964, S (NZ 169), 4 L [UCLA]. Gowanbridge, 9 Feb 1964, S (NZ
122), 12 L [UCLA]. New Creek Road, between Murchison and Kawatiri Junc-
tion, 8 Feb 1964, S (NZ 116), 2 1pQ (116-102,103), 2 po (116-104, 105), 1 p9
(116-101), 11p (116-107), 36 L [UCLA]. Reefton, Jan, A.L. Tonnoir, A[Ton-
noir 1924b]. Springs Junction, elev. ca 560 m, 9 Mar 1964, S (NZ 156), 9 L
UCLA].

[ Marlborough: Kaikoura, 23 Feb 1922, A.L. Tonnoir, 1 A [NELS].

Westland: Lake Brunner [as Moana], 16-21 Dec 1922, A.L. Tonnoir, 2 9
[CANT|. Hercules Mt vicinity, 7 Feb 1964, S (NZ 115), 11p? (115-102), 1 p?
(115-110), 15 L [UCLA]. Whataroa, 7 Feb 1964, S (NZ 114), 1 o (114-108),
7L [UCLA]. Waiho, A.L. Tonnoir, 17 Jan 1922, 1 & paratype (I- 304) [CANT],
19 Jan 1922, 1A paratype [NELS]; 30 Jan 1922, 4 A paratypes [NELS], 1 & pa-
ratype (I-298), 1 Q paratype (I-302) [CANT]. Bridge Flat-Haast Road, 18 Dec
1966, N (NZ 224), 7 L [UCLA].

Canterbury: Christchurch, 13 July 1924, J. W. Campbell, 1 & [CANT].
Governors Bay, 3 Jan 1964, BD (NZ 72), 2 1pd (72-104,107), 1 1p? (72-106),
2 pd (72-101,108), 31 L [UCLA]. Purau Creek, 20 Feb 1922, A.L. Tonnoir,

1 @ paratype (I-303) [CANT|; Purau Creek [as Christchurch--R. Purau], 22 Oct
1922, J.W. Campbell, 1 [BMNH].

Otago: Ben Lomond, Queenstown, 2 Feb 1964, S (NZ 111), 2 1p?% (111-102,
105), 1 po' (111-104), 52 L, 2 P [UCLA]. Waianakarua River, 25 Jan 1964, S
(NZ 102), 6 1p? (102-107,109, 116,118,119, 124), 2 pJ (102-105,114), 11 p?
(102-101-104, 106, 108, 110-113,117), 3 1p (102-115, 121, 123), 53 L, 3P[UCLA].
Dunedin, Botanical Gardens, 2 Jan 1964, BN (NZ 96), 1 L. [UCLA]. Black Gul-
ly, 31 Jan 1964, S (NZ 109), 1 1p? (109-105), 1 L [UCLA]. Clinton, 9 mi N,
26 Jan 1964, S (NZ 103), 11pd (103-101), 1 1p@ (103-103), 11 L [UCLA].

New Zealand, localities uncertain: Horseshoe Lake, 11 Nov 1924, collec-
tor unknown, 1 & [USNM]. Locality and collector not specified, 28 Nov 1924,
19 [USNM].

8. Paradixa tonnoiri Belkin, n. sp.
Figs., 11,29

TYPES: Holotype & (NZ 115-108) with associated pupal skin and genitalia
slide, vicinity of Hercules Mt., 7-8 mi S of Harihari on route 6 (Westland), 7
Feb 1964, D.A. Schroeder [NELS]. Allotype 2 (NZ 115-105) with associated
larval and pupal skins, some data as above [NELS]. Paratypes: same data as
the holotype, 1 o (NZ 115-104) with associated pupal skin and genitalia slide,
1 ¢ (NZ 115-101) with associated larval and pupal skins, 40 L (NZ 115) [UCLA];
2 L (NZ 115) [USNM]; 2 L (NZ 115) [BMNH]; 2 L (NZ 115) [NELS].

ADULTS. Wing: 2.5-2.7 mm. Forefemur: 1.2-1.3 mm. Abdomen: about
1.7Tmm. Very similar to neozelandica as described by Belkin (1962:106-107),
differing in the following diagnostic features. Wing without any distinct vein in-
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fuscations or any indication of a cloud on r-m. Mesonotum with light brown
ground color and with a long anterior median stripe and a pair of long supraalar
stripes of dark brown. Legs more uniformly dark. Haltere darkened on knob.
Flagellar segments 1 and 2 as in neozelandica.

MALE GENITALIA (fig.7). Segment IX: Moderately sclerotized. Tergite
with rather distinct median caudal lobe bearing about 25-30 thin bristles, chief-
ly in distal part; lateral lobe inconspicuous, shortand with about 3 thinbristles.
Sternite with about 5,6 heavier bristles on each side. Sidepiece: Short and
broad; uniformly densely spiculate; no basal lobe; a prominent small elongate
apical lobe bearing 5,6 short apical and subapical bristles; dorsal surface with
3,4 short thin bristles near base and 3 long thickened bristles near middle;
lateral surface with 1 very long thickened subapical bristle; ventral surface with
about 12,13 long bristles. Clasper about as long as sidepiece; irregular in
outline; with subbasal and submedian lobes eachwith 3-5 spiniforms; apex with-
out spiniforms. Phallosome: Prosophallus similar to fuscinervis but its median
process broader and less prominent. Aedeagal sclerite very narrow and capi-
tate distally. Lateral sclerite of opisthophallus much smaller than in neozeland-
ica and fuscinervis but strongly bulging laterally; proximal process not developed;
distal process very large, very broad at base and with thumblike distal narrowed
part with spiniform. Proctiger: Basal ventrolateral sclerotization very strong,
bearing a short basal sternal elongate process with elongate slender apical
spiniform, followed tergally by 2 recurved long spinelike processes each with a
shorter heavier apical spiniform, and a short tergal cercal lobe bearing a slen-
der apical bristle.

PUPA (fig.11). Abdomen: 2.7 mm. Trumpet: 0.20 mm. Paddle: 0.65
mm. General morphology and chaetotaxy as figured; diagnostic characters as
in the key; indistinguishable from neozelandica and fuscinervis. Cephalothorax
uniformly moderately to lightly pigmented; tubercles apparently more numerous
than in neozelandica; hairs lightly pigmented. Trumpet more or less barrel-
shaped, not widened apically, quite variable in length; uniformly moderately
pigmented, a little brighter than cephalothorax. Abdomen lightly to moderately
pigmented, sometimes slightly darker laterally; tubercles indistinct except
laterally; hairs lightly pigmented. Paddle uniformly moderately pigmented,
serrations of internal and external margins variable; hair 1-P distad of level of
middle of genital lobe.

LARVA (fig.11). Head: 0.53 mm. Posterolateral Lobe: 0.33 mm. Anal
Segment: 0.51 mm. General morphology and chaetotaxy as figured; diagnostic
characters as in the key; very similar to neozelandica and fuscinervis, differing
from the former chiefly in the following characters. Head capsule moderately
pigmented. Antenna moderately to lightly pigmented, sometimes slightly dark-
ened on apex, concolorous with or lighter than general surface of head capsule.
Thoracic and abdominal spiculation similar to neozelandica except that spic-
ules of thoracic dorsum are usually thinner, longer, lighter and much more
dense, visible at 100X; dorsal intersegmental spicules longer and more hair-
like. Hair 13-S usually distinctly shorter than posterolateral lobe of spiracular
apparatus. Pecten plate lightly to moderately pigmented, distinctly differenti-
ated from unsclerotized integument; hairlike spicules more distinct and usually
present on entire plate; marginal pecten teeth similar to neozelandica but
shorter and sometimes with additional spines, frequently heavily pigmented,
submarginal spicules varied, frequently inconspicuous and in a single row;
usually 1, 2 very small light basal postpecten spines; a broad, apically-fringed
large apical postpecten spicule. Anal sclerotization usually lighter in color but
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darkened in the middle, length about 1. 5-1. 6 of posterolateral lobe; spiculation
of saddle and caudal process more conspicuous; postanal spicules about twice
as long as cylindrical process.

SYSTEMATICS. The adults of tonnoiri are very similar to neozelandica
and could be easily confused with specimens of the latter with faintly marked
wings. The separation of these 2 species on external color characters of the
adults may be very tenuous since all 4 known specimens of tonnoiri are teneral
and their color pattern may not be fully developed. The male genitalia of ton-
noiri are very characteristic and unique as in other species of New Zealand
Paradixa, however they clearly belong to the same type as those of neozeland-
ica and fuscinervis and not to the type of harrisi. One similarity is evident
with harrisi in the development of basal tergal hairs suggesting anincipient bas-
al lobe on the sidepiece. The phallosome and proctiger complexes of tonnoiri
are the smallest and simplest of all New Zealand Paradixa. There is a con-
siderable variation even in the only 2 known specimens in the number and dis-
tribution of spiniforms on the clasper and in the number of bristles in the incip-
ient basal lobe of the sidepiece.

The larvae of tonnoiri resemble neozelandica in the color of the antennae
and in the spiculation of the body but are more like fuscinervis in the speciali-
zations of the pecten. There is considerable variation in the development and
pigmentation of the pecten teeth in the fair-sized sample of larvae of tonnoiri
but no significant overlap with fuscinervis in the diagnostic characters. The 4
larvae from the Bridge Flat population (NZ 224) all have very dark pecten teeth
but in all other features resemble closely the other populations in which dark
pecten teeth are uncommon.

As indicated under neozelandica, P. tonnoiri is closely related to this
species and to fuscinervis. The rather wide known distribution on South Island,
the apparent rarity and the presence of considerable variation within and be-
tween the disjunct populations of tonnoiri are suggestive of a relict population
structure in this species. P. tonnoiri also seems to be the least modified mem-
ber of the neozelandica complex on the basis of the male genitalia and larval
features. It appears, therefore, that tonnoiri represents the earliest develop-
ment of the neozelandica lineage in New Zealand.

BIONOMICS. All 4 collections of immature stages of tonnoiri were made
in partial shade in slow-moving or standing water with abundant vegetation in
broad river valleys. In 3 of these collections tonnoiri was associated with both
neozelandica and fuscinervis and with the latter only in the fourth collection.
In only 1 collection (NZ 115) did it appear to be the dominant species.

DISTRIBUTION (fig.29). Material examined: 88 specimens; 2 &, 2 ¢, 80
larvae, 4 pupae; 4 individual rearings (2 larval, 2 pupal).

NEW ZEALAND: Nelson: Howard Junction, 1 mi E, along Buller River,

13 Mar 1964, S (NZ 169), 7 L [UCLA]. |

Westland vicinity of Hercules Mt., 7-8 mi S of Harihari on route 6, 7T Feb
1964, S (NZ 115), o holotype, ¢ allotype, 2 L paratypes [NELS], 1 &, 19, 40
L paratypes [UCLA]; 2 L paratypes [USNM]; 2 L paratypes [BMNH]. Bridge
Flat-Haast Rd (NZ S1), 18 Dec 1966, N (NZ 224), 4 L. [UCLA].

Otago: Waianakarua River, near bridge of hlghway 1, 25 Jan 1964, S (NZ
102), 20 L [UCLA].

9. Paradixa harrisi (Tonnoir)
Figs. 7,12, 29
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1925. Dixa harrisi Tonnoir, 1925:311. TYPE: *Holotype d with genitalia mount
(I- 296), Ohakune (Wellington), N.Z., Mar 1923, T.R. Harris [CANT].

Paradixa harrisi of Belkin (1962:108).

Dixa (Paradixa) harrisi of Edwards (1932:14); Taylor (1934:7); Nowell (1951:
235).

Dixa harrisi of Cooper and Rapp (1944:250); Miller (1950:45).

ADULTS (Tonnoir 1925:fig. 1; Belkin 1962:figs. 32, 34). Wing: 3.0 mm.
Forefemur: 1.25 mm. Abdomen: about 2.0 mm. As described by Belkin
(1962:108); extremely similar to neozelandica and differing from it chiefly in
the darker coloration and wing markings. Wing marked as in neozelandica ex-
cept that cloud on r-m very intenseblack instead of diffuse brown and much lar-
ger, invading apex of cell R, base of cells R5 and R3 and projecting into cell Rj.
Head darker but clypeus light in distal half; flagellar segment 1 shorter, about
8,9 times as long as wide and about 1.7 of length of segment 2. Thorax uni-
formly dark except for a lateral light area in upper part of pleuron and wing
base; darker supraalar stripes sometimes evident; bristles weaker and lighter.
Hindfemur whitish; hindtibia lighter in middle.

MALE GENITALIA (fig.7; Tonnoir 1925:fig.1). As figured here and as
described by Belkin (1962:108), with the following corrections and diagnostic
features. Sidepiece: Sternomesal margin produced as a large flat winglike
lobe, the 2 lateral lobes narrowly connected across midline at base; a very
short inconspicuous apical process with 2, 3 apical bristles; a barely indicated
basal tergomesal lobe bearing 3 moderately long bristles (as in tonnoiri); 3,4
long distal tergal bristles. Clasper with a distinct subbasal lobe bearing 3-5
moderately long blunt spiniforms; distal part of shaft with 2, 3 similar spini-
forms at least 1 of which is apical. Phallosome: Markedly different from other
New Zealand species. Prosophallus with a very long distal median flat process
crenulate apically, enclosing a small ovoid unsclerotized area and extending be-
tween the 2 aedeagal sclerites. Aedeagal sclerite very narrow and poorly scle-
rotized. Lateral sclerite of opisthophallus narrow, slightly concave laterally;
its external proximal angle produced as a blunt process; its mesal margin with
a very large recurved long sharp spine (without apical spiniform), followed dis-
tally by a shorter, straighter, narrower process bearing an apical spiniform.
Proctiger: Basolateral sclerotization strong, its mesal ventral margin pro-

duced into a long, branched process, the basal branch short, both branches
spinelike and bearing each a heavy apical spiniform; dorsolateral sclerotiza-
tion joined to basolateral and nearly meeting its mate middorsally, produced
into a spinelike process with curved apical part bearing a distal heavy spini-
form and 2 subapical cercal bristles.

PUPA (fig.12). Abdomen: 2.8 mm. Trumpet: 0.21 mm. Paddle: 0.71 mm.
General morphology and chaetotaxy as figured; diagnostic characters as in
the key; readily separated from other New Zealand Paradixa. Cephalothorax
uniformly moderately to lightly pigmented; tubercles largely restricted to dor-
sal surface; hairs lightly to moderately pigmented. Trumpet distinctly wid-
ened apically, not barrel-shaped, pinna very wide; uniformly moderately pig-
mented, somewhat brighter than cephalothorax. Abdomen lightly to very
lightly pigmented, somewhat darker laterally; tubercles indistinct except later-
ally; hairs lightly pigmented. Paddle with distal part narrower than in other
species; moderately to lightly pigmented; serrations of internal and external
margins variable; apex frequently with more than 1 heavy tooth; hair 1-P at
level of the base of genital lobe.
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LARVA (fig.12). Head: 0.43 mm. Posterolateral Lobe: 0.28 mm. Anal
Segment: 0.28 mm. General morphology and chaetotaxy as figured; diag-
nostic characters as in the key; in general similar to neozelandica, fuscinervis
and tonnoiri but differing markedly from them in the following features. Head:
Uniformly moderately pigmented with darker areas as in neozelandica; hair
pigmentation moderate; hair 11-C usually with 3, 4 forks. Antenna moderately
pigmented, concolorous with or slightly darker than head capsule; basal curva-
ture less distinct; hairlike spicules of ventral surface shorter and heavier.
Thorax with spiculation essentially as in neozelandica; hairs somewhat lighter.
Abdomen: Spiculation pattern essentially as in neozelandica but spicules much
shorter and more numerous, becoming heavier and more widely-spaced on sides
and dorsum of VI-VIII; dorsal intersegmental spicules conspicuous at 100X;
proleg hooks and ambulacral spines as in neozelandica but smaller; hairs some-
what lighter. Spiracular Apparatus: Base (caudal part) of sclerite of antero-
median lobe with short heavy spinelike spicules; median area with separate
large lateral and small median sclerites, lateral sclerites with numerous heavy
spinelike spicules, median sclerite with only a few smaller spicules. Hair 13-S
distinctly longer than posterolateral lobe. Pecten plate moderately pigmented,
with scattered hairlike spicules in basal half; dorsal part of posterior margin
with about 10 darkly pigmented simple teeth of moderate size, ventral part of
posterior margin near apex with 3-7 very large heavy black spinelike teeth
fused at base; proximad of these along posterior margin several separate
smaller spinelike dark teeth or normal branched pecten teeth; 3 rows of sub-
marginal broad apically-fringed large spicules; no basal postpecten spines or
apical postpecten spicules; pecten hair 1-S with 9-15 dendritic branches. Anal
Segment: Unsclerotized part of segments IX, X densely covered with very long
hairlike spicules; sclerotized part very short, about equal in length to postero-
lateral lobe of spiracular apparatus, heavily pigmented; saddie with a subme-
dian transverse patch of heavy slender spinelike spicules; caudal process with
large number of similar but longer spicules ventrally and 1-3 laterally; post-
anal spicules almost half as long as cylindrical process.

SYSTEMATICS. Superficially, the adults of harrisi are very similar to
neozelandica from which however they can be differentiated easily by the large
saturated dark blotch on r-m, the darker coloration of the thorax and the light
hindfemur. I am recognizing a separate group for harrisi because of striking
characters in the male genitalia (especially the claspettelike lobe of the side-
piece and the prosophallus), the larva (spiracular apparatus, pecten and anal
segment) and the pupa (flared trumpet and position of hair 1 on the paddle).

As in the case of tonnoiri, the rather wide known distribution, in this
case on North Island, the apparent rarity, and the considerable intra- and inter-
population larval variation in harrisi suggest a relict population structure in
this species. This similarity probably indicates that tonnoiri and harrisi were
developed contemporaneously, possibly from the same stock. It is also possi-
ble that harrisi represents a completely different lineage which arrived in New
Zealand contemporaneously with the neozelandica lineage. As indicated in the
discussion of the systematics of Paradixa, I favor the first explanation.

BIONOMICS. All 10 collections of immature stages of harrisi came from
the margins or isolated pools of small streams in narrow valleys always in
partial to deep shade. The water was still or only slowly moving. The popu-
lations of harrisi were always very small except in 1 instance on Great Barrier
Island (NZ 138) where this species was the dominant one in association with
neozelandica, fuscinervis and Nothodixa campbelli. It was associated with
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fuscinervis on 4 other occasions and with both fuscinervis and neozelandica in

2 collections in both of which neozelandica was dominant. In 2 collections it was
associated with N. campbelli; in 1 of these neozelandica and fuscinervis were

also present.

Adults of harrisi were not encountered in the field during the present
survey and Tonnoir did not record the circumstances of the capture of the type
series by C.T. Harris.

DISTRIBUTION (fig.29). Material examined: 155 specimens; 15 &, 16 @,
94 larvae, 30 pupae; 18 individual rearings (2 larval, 16 pupal).

NEW ZEALAND. North Auckland: Mangamuka Gorge, elev. ca 500 m, 18
Feb 1965, F (NZ 205), 1 L [UCLA]; S slope at bridge, 18 Feb 1965, F (NZ 206),
1 L [UCLA]. Brynderwyn Roadside, S slope, elev. ca 330 m, 18 Feb 1965, F
(NZ 207), 1 p?(207-133), 1 p (207-131), 1 P (207-132) [UCLA]. Titirangi
Beach, creek above dam, 11 Jan 1964, BS (NZ 94), 1 d, 3 L [UCLA]. Titiran-
gi, French Beach, elev. 50 m, 14 June 1964, F (NZ 189B), 11pd (189B-131),
11[UCLA].

Little Barrier Island: Waipawa stream, 75-100 ft from mouth, 6 Mar 1964,
S (NZ 130) 1 9. Tirikikawa stream, elev. 30 m, 8 Mar 1964, S (NZ 131), 1p?
(131-105). Hut Bay Creek, near sea level, 8 Mar 1964, S (NZ 134), 1 p? (134-
102), 1 p, 7 L [UCLA].

Great Barrier Island: Port Fitzroy, 12 Mar 1964, S (NZ 138), 1 pd (138-
101), 2 L. [NELS]; 1 pd (138-104), 2 L [USNM]; 1 p% (138-106), 2 L. [BMNH];
2 pd (138-103,114), 11p? (138-115), 5 p? (138-107,111-113,116), 2 & (650525~
33,34), TP, 72 L. [UCLA].

~ South Auckland: Te Aroha, 10 mi S, 5 June 1965, F (NZ 211), 2 2, 2 p,
1 L [UCLA].

Wellington: Ohakune, March 1923, T.R. Harris, d holotype [CANT], 2 o,
2 2 [BMNH|; Nov 1923, T.R. Harris, 1 J [BMNH]; Mountain Road, 9 Jan 1964,
BFS (NZ 83), 1 pd (83-101), 1 p? (83-102) [UCLA].

SUBFAMILY CULICINAE
The True Mosquitoes

The Culicinae are readily recognized from the Dixinae and Chaoborinae in
all stages by the characters given in the key to the subfamilies.

TERMINOLOGY. The descriptive terminology and abbreviations used by
Belkin (1962:547-561) for all stages is followed exceptfor a few minor changes.
On the head of the adults the interocular space is used here for the median
space between the eyes below the vertex; the frons is now restricted to the area
on the front of the head between the eyes and the antennae; interorbital bristles
are substituted for frontal bristles; the orbital bristles are divided into the up-
per orbitals on the vertex and the lower orbitals on the sides. On the wing the
point of branching of vein R into veins R1 and Rs is designated as the furcation
of R, the point of branching of vein Rs into veins R2+3 and R4,5 as the furca-
tion of Rs, and so on for the furcation of Ro.3, M and Cu. In the male genitalia
the term opisthophallus is introduced; it is explained in the discussion of the
male genitalia of the Dixinae.

SYSTEMATICS AND BIOGEOGRAPHY. The details of the affinities and
systematics of the New Zealand Culicinae are discussed under each tribe be-
low. Only the general features of this fauna are reviewed here. The fauna is
harmonious, relatively extensive, and largely endemic at the species group




50 Contrib. Amer. Ent. Inst., vol. 3, no. 1, 1968

level.

Five of the 10 widespread tribes of the Culicinae recognized by Belkin
(1962:117) are represented in New Zealand. Of the 7 tribes represented in the
relatively well known fauna of Victoria, Australia (Dobrotworsky 1965), only
the Anophelini and Aedeomyiini have not been found in New Zealand.

There are 2 endemic monotypic genera (Opifex in the Aedini and Maori-
goeldia in the Sabethini) and 2 endemic monotypic subgenera (Austromansonia
in Coquillettidia; and Nothoskusea in Aedes). The other subgenera represented
by indigenous species in New Zealand are generally considered to be the prim-
itive ones in their respective genera (the nominate subgenus Culex in the Culi-
cini; Climacura in Culiseta; the nominate subgenus Coquillettidia in the Man-
soniini; Halaedes and Ochlerotatus in Aedes).

Eleven of the 14 species are endemic to New Zealand. The ubiquitous trop-
ical house mosquito, Culex quinquefasciatus, is undoubtedly introduced and the
widespread Aedes (Finlaya) notoscriptus is also considered here to be a recent
human introduction although the evidence supporting this is equivocal. The
third non-endemic species, Aedes (Halaedes) australis, is considered here to
have reached New Zealand by natural means and not human introduction.

Except in the Culicini, each endemic species group is represented in New
Zealand by a single species and without any indication of geographical differen-
tiation. In the pervigilans complex of Culex, 2 ecologically isolated species,
asteliae in leaf axils and rotoruae in thermal waters, are recognized in addi-
tion to the widespread pervigilans which exhibits some geographical differenti-
ation in its peripheral populations. There is a suggestion of hybridization be-
tween pervigilans and the introduced quinquefasciatus.

There is no indication of any affinity between the Culicinae of New Zealand
and of South Chile-Patagonia. In general the affinities are primarily with the
fauna of Southeast Australia-Tasmania; definitely so in case of Opifex, Aedes
(Nothoskusea), Aedes (Halaedes), Culiseta (Climacura) and Coquillettidia (C.),
but not as clearly in case of Coquillettidia (Austromansonia), Aedes (Ochlerota-
tus) and Culex (C.). In most instances the New Zealand representatives appear
to have retained more primitive features than their Australian-Tasmanian rela-
tives and are considered to be the earliest derivatives of their respective phy-
lads. .

A very striking feature of the New Zealand Culicinae is the presence of bris-
tles on the lower surface of the base of vein Sc not only in Culiseta but in Co-
quillettidia (Austromansonia), Opifex and Aedes (Nothoskusea), in the female
only in the latter. This character appears to have been a primitive feature in
the subfamily Culicinae. Equally striking is the presence of spicules on the
outer surface of all the claws of the females (sometimes males also) in at least
one member of each tribe represented in New Zealand. Similar spicules are
found in all New Zealand Dixinae and I consider them to be a primitive feature
in the Culicinae. The other apparent important primitive features retained in
the Culicinae of New Zealand are: (1) in the adults, strong development of the
scape of the antenna in Opifex, wide interorbital space on the head of Opifex,
Aedes (Nothoskusea) and Aedes (Halaedes), and strong development of bristles
and poor development of scales on the head, thorax and abdomen in the same
groups, (2) in the pupa of Opifex the similarity of hair 9-VII to hair 9 on pre-
ceding abdominal segments.

Contrary to the generally accepted view that short male palps and non-plu-
mose antennae are derived characters, I suggest that the primitive state in the
Culicinae is more likely to have been retained in the females and therefore pos-




Belkin: Culicidae of New Zealand 51

tulate the following as the primitive condition in the subfamily: (1) antenna sim-
ilar in the 2 sexes, with flagellar whorls poorly developed in both, (2) palpus
similar in the 2 sexes, with its length varied in the different phyletic lines.
Both of these features aré retained in Aedes (Nothoskusea) and relatively little
modified in Opifex.

The Culicinae do not offer unequivocal evidence for the number of waves of
dispersal in their population of New Zealand. However, the situation in the
Opifex-Aedes (Nothoskusea)-Aedes (Halaedes) complex suggests that at least 2
different dispersals, possibly 3, have occurred, the last one, involving aus-
tralis, being much more recent.

KEYS TO TRIBES AND GENERA

Adults

1. Spiracular bristlespresent. . . . . . . . . . . . . . oo 0. . 2
Spiracular bristles absent . 3

2(1). Wing with conspicuous brlstles on lower surface of base of vein Sc (Culi-

setini). . . . .. < . . . . Culiseta
Wing without brlstles on lower surface of base of vein Sc (Sabeth1n1,
23. M. argyropus). . . . +« « « « « « « « « « . . . .Maorigoeldia
3(1). Postspiracular bristles present (Aedini) . . . . . . . . . . . . . . 4
Postspiracular bristlesabsent . . . . . . . . . . . . . . . . . .0

4(3). Scape of antenna strongly developed, V1S1b1e as a distinct segment all

around at base of torus . . . .« « « . .Opifex

Scape of antenna a narrow ring, v 1S1b1e only at mesal articular p01nt
withtorus . . . . . . . . . . . . . . . ¢ .+ .+ « . . Aedes
5(3). Claws with basal whitish padlike pulvillus (Culicini). . . . . Culex

Claws without basal whitish padlike pulvillus (Mansoniini) Coqu111ett1d1a

Male Genitalia

1. Paraproct of proctiger with conspicuous crown of numerous spicules
(Culicini) . . . « « « . . Culex
Paraproct of proctlger W1th 1 6 sp1ne11ke teeth only P/
2(1). Distal part of clasper irregular, with a more or less distinct subapical
lobe (Mansoniini) . . . . . . . . . . .Coquillettidia
Distal part of clasper regular in shape Wlthout any indication of a sub-
apical lIobe. . . . . . . . . . 0 0 e e e e e e e e e e e e e . 3

3(2). Opisthophallic lobe strongly developed between the aedeagus and procti-
ger (Sabethini; 23. M. argyropus) . . . . . . . . . .Maorigoeldia
Opisthophallic lobe not differentiated . . . . . . . . . . . . . . . 4

4(3). Apex of paraproct with 4 distinct teeth; mesal surface of sidepiece with-
out membrane (Culisetini; 14. C. tonnoiri) . . . . . . . . Culiseta
Apex of paraproct with only 1 tooth, simple or with small denticles; mesal
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surface of sidepiece with more or less distinct membrane (Aedini) .

Cercal setae of 2 types, short distally, long proximally; sidepiece with-

out long bristles laterally and ventrally . . . . . . . . .Opifex
Cercal setae all subequal and short; sidepiece with long brlstles 1ater—
ally andventrally. . . . . . . . . . . .. . . . . . . . .Aedes
Pupae
Trumpet without distinct pinna, apex specialized for piercing plant tis-
sues (Mansoniini). . . . . . . . . . . . . . . . . .Coquillettidia
Trumpet with distinct pinna. . . . . . . . . . . . . . . . . . . .2

Paddle with strongly produced apex and without apical hairs (Sabethini;
23. M. argyropus) . . . . . . . . .Maorigoeldia
Paddle rounded or emarginate aplcally, W1th at least hair 1 P developed
3

Hair 9-VIII on ventral surface, removed cephalad from caudolateral
- margin (Culicini) . . . .« e « « v « v . . Culex
Hair 9-VIII at posterolateral angle of segment P

Paddle hair 2-P present in addition to 1-P but very small; hair 1-IX
present, simple (Culisetini; 14. C. tonnoiri). . . . . Culiseta
Paddle hair 2-P not developed; hair 1-IX absent or 1rregu1ar (Aed1n1) . 5

Hair 9-VII simple, short, similar to hairs 9-II-V in shape and position
. . . . .Opifex

Ha1r 9-VII dorsal in pOS1t10n and markedly dlfferent from hairs 9-II-V
. Aedes

Larvae

Median dorsal valve of siphon very long, fixed and with serrated inner
dorsal margin adapted for piercing plant tissues (Mansoniini).
Coqulllettlcha
Medlan dorsal Valve of S1phon short movable and never with serrated
inner dorsal margin. . . . . . . . . . . e e e e e e e e . 2

Ventral brush of anal segment (4-X) with only 1 pair of hairs (Sabethini;

23. M. argyropus) . . . . . . . .Maorigoeldia
Ventral brush of anal segment (4 X) W1th 5 or more pairs of hairs . . 3
Siphon with only 1 pair of subventral tufts (1-S) (Aedini) . . . . . . . 4
Siphon with several pairs of subventral tufts (1, 1a-S) . | 5

Metathoracic pleural group (9-12-T) very small, longest hairs less than
0.5 of long hairs in mesothoracic pleural group . . . . . . . Opifex
Metathoracic pleural group (9-12-T) at most moderately reduced, long-
est hair more than 0.5 of long hairs in mesothoracic pleural group
. Aedes

Siphon with a very small hair tuft (1-S) at the very base (Culisetini; 14.
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C. tonnoiri) . . . .« +« « . . Culiseta
Siphon without such a chfferentlated ha1r at extreme base (Cuhclm)
. CuleX

TRIBE CULICINI

Genus CULEX

1758. Culex Linnaeus, 1758:602. TYPE SPECIES: Culex pipiens Linnaeus, 17£8,
Europe, selection of Latreille (1810:442).
For complete synonymy see Stone, Knight and Starcke (1959).

The speciesof Culex known to occur in New Zealand are readily recognized
from other Culicinae by the following combinations of characters. In the fe-
males, the tarsi are dark, the hindtibia has a conspicuous apical light spot, the
labium is light-scaled on the lower surface to the apical fourth, and the abdo-
men has basal light transverse bands on the tergites. In the males, the tarsi,
hindtibia and abdomen are the same as in the females, and the lower surface of
the palpus has a line of white scales on segment 4 and a basal spot of similar
scales on segment 5. In the pupae, hair9 on segment VIII is located on the ven-
tral surface a considerable distance cephalad of the posterolateral angle. The
siphon of the larvae is distinctive in the presence of several subventral tufts
none of which is placed at the extreme base and the ventral brush is strongly
developed. A general account of the genus and tribe is given by Belkin (1962:
177-180).

SYSTEMATICS AND BIOGEOGRAPHY. The genus Culex is represented
in New Zealand by the introduced quinquefasciatus of the notorious pipiens com-
plex and 3 species of the endemic pervigilans complex. The two complexes
belong to the pipiens group (Belkin 1962, not Edwards 1932, 1941) of the subge-
nus Culex and are very similar in all stages but particularly in general exter-
nal adult characters, pupae and even male genitalia. There is a suggestion of
introgressive hybridization of quinquefasciatus and pervigilans in New Zealand.

C. quinquefasciatus has probably been introduced several times to New
Zealand on ships from the earliest days of sailing vessels to recent times. It
appears to be established only in the northern part of North Island (fig. 33) and
even here it is not very successful in competing with pervigilans and other na-
tive species, judging by our survey. While we found it breeding only in a few
large artificial containers and never in ground waters, Graham (1939:211) re-
ported it to breed ''through the year in any place exposed to full sunlight and
holding water charged with decaying organic matter.'" Environmental conditions
do not seem to be particularly favorable for quinquefasciatus in New Zealand,
and this may be one of the reasons for its apparent hybridization with the native
pervigilans. However, during favorable periods quinquefasciatus may become
more abundant as reported by Graham.

Mattingly and Rageau (1958:241) placed pervigilans in their trifilatus sub-
group which included also iyengari Mattingly and Rageau, 1958 from New Cale-
donia, pacificus Edwards, 1916 from New Hebrides and Banks Islands, miracu-
losus Bonne-Wepster, 1937 from New Guinea, the Palaearctic torrentlum Mar-
tini, 1925 and vagans Wiedemann, 1828, and the Ethiopian trifilatus Edwards,
1914 and tamsi Edwards, 1934 (Be1k1n 1962:fig. 84). In comparing the pattern
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of distribution of the trifilatus subgroup to those of some species groups of
Neoculex, Ochlerotatus and Culiseta, Mattingly and Rageau made no comment
on the absence of this subgroup from Australia, where all the other groups are
represented. I suggest that the reason for this absence is that the trifilatus
subgroup is not really distinct from the pipiens complex and that the lineage of
the pervigilans complex, iyengari and pacificus is represented by 3 native spe-
cies in Australia, globocoxitus Dobrotworsky, 1953 and two forms currently
regarded as subspecies of pipiens, australicus Dobrotworsky and Drummond,
1953 and the "molestus'' of these authors which is not molestus, Forskal, 1775.
I believe that the situation in Australia is probably analogous with that in New
Zealand in that introgressive hybridization may have occurred between the in-
troduced quinquefasciatus and the native australicus but that this has proceeded
farther with the formation of '"'molestus' of Dobrotworsky and Drummond
(1953:132).

Edwards' tentative synonymy of torrentium with pervigilans (1932:210) lead
to the view that pervigilans may be nothing more than the European torrentium
introduced during the extensive whaling operations in the nineteenth century
(see Mattingly and Rageau). Now that 3 distinct species are known in the per-
vigilans complex in New Zealand this view should be discarded for it is most
unlikely that asteliae and rotoruae were formed in the recent past from an in-
troduced species.

Speciation in the pervigilans complex has taken place without distinct dif-
ferentiation in the male genitalia but with strong differentiation in the larva.
Two of the species are ecologicallyisolated, rotoruaein thermal waters, asteliae
in the leaf axils of terrestrial and epiphytic astelias. The dominant pervigilans
is a general ground water breeder which invades large artificial containers,
where it comes in contact with quinquefasciatus. C. pervigilans has a very
wide distribution with isolated populations on the Kermadec, Chatham and
Auckland islands. None of the isolated populations, with the exception of a
small one in Ocean Island in the Auckland group, is strikingly marked, and all
show a great deal of individual variation as do the populations on the main is-
lands of New Zealand. It seems probable that there has been considerable dis-
persal and intermixing of pervigilans populations through human transport and
that this species is clearly not prone to the formation of reproductively isolated
geographical populations.

Keys to Species

Females
1. Abdominal sternites II-VII with light scales only -. .13. quinquefasciatus
Abdominal sternites II-VII with extensive dark scaling in the middle and
on posterolateralareas . . . . . . . . . . . . .. .00 L2

2(1). Mesonotal scaling predominantly dark bronzy, fossa with numerous

short curved bronzy scales and without light scales. . . 11. rotoruae
Mesonotal scaling predominantly light coppery, golden or whitish, fossa
with light scales and at most with a few dark scales . . . . . . . 3

3(2). A conspicuous patch of curved bronzy scales between supraalar and pos-
terior dorsocentral bristles in front of level of wing . . .12. asteliae



2(1).

3(2).

2(1).

2(1).

Belkin: Culicidae of New Zealand 55

Scales on this patch usually light golden, not consplcuously differentiated
from other scales (not reliable) . . . . . . . . . . 10. pervigilans

Males

Dark scales of sternites II-VII confined to median area . .
. 13. qulnquefasmatus
Dark scales of stern1tes II VII more extens1ve present on posterolater-
al areas as well asinthemiddle . . . . . . . . . . . . . . . . 2

Palpal segment 3 with no more than 10 long bristles in a single outer

row in the distal half . . . . . e « « . . .12, asteliae
Palpal segment 3 with at least 25 long brlstles in a double outer row in
the distal two-thirds . . . . . . . . . . . . . . .. .. .. .8

Mesonotal scales predominantly bronzy on disc, with contrasting whit-
ish scales in lateral, supraalar and prescutellar areas . 11. rotoruae

Mesonotal scales predomlnantly light golden on disc, not markedly dark-
er than elsewhere. . . . . . . . . . . . . . . . . 10. pervigilans

Male Genitalia

Basal sternal process of proctiger very short, weak and poorly pig-
mented; tergal arm of outer division of phallosome short and straight,
barely projecting beyond distal margin of inner division. .

. 13. qu1nquefasc1atus

Basal sternal process of proctlger long, strong, curved and heavily pig-
mented; tergal arm of outer division of phallosome very long, angled
distally and projecting well beyond distal margin of inner division .

. 10. pervigilans; 11. rotoruae; 12. asteliae

Pupae

Pinna of trumpet strongly oblique, its maximum dimension at least 0.4
of total trumpet length. . . . . . . . . . .13. quinquefasciatus

Pinna more transverse, its maximum d1men51on less than 0. 33 of total
trumpetlength............,.............2

Trumpet slender, 1ndex at least 8.0; hair 5-IV about 1.5 of length of
tergite V. . . . . . . . . .12, asteliae

Trumpet moderately broad 1ndex less than 6 O ha1r 5-1V shorter, usu-
ally less than 1.25 of length of tergite V. .o
e e e e e e e e e . . 10. perv1g11ans 11 rotoruae

Larvae

Ventral brush with 7 pairs of hairs; siphon usually with 5 pairs of tufts
- all below level of pecten and more or less in line. . . . 11. rotoruae
Ventral brush with 6 pairs of hairs; siphon usually with 4 pa1rs of tufts,

1 or 2 pairs out of line above level of pecten. . . . . . . . . . . 2

Two pairs of siphonal tufts clearly above level of pecten; prothoracic
hairs 7, 8-P both single; saddle hair 1-X usually double. .12. asteliae
Usually only one pair of siphonal tufts above level of pecten (out of line)
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or all hairs more or less in line; prothoracic hairs 7, 8-P usually
both double; saddle hair 1-X usually single . . . . . . . . . . . 3

3(2). Hair 1 on abdominal segments III-V usually at least 4-branched; mental
plate usually with less than 9 teeth on each side of apical tooth; sub-
apical siphonal tuft usually only slightly out of line; siphon relatively
long, index usually more than5.0 . . . . . . . . . 10. pervigilans

Hair 1 on abdominal segments III-V usually single or double; mental
plate usually with at least 10 teeth on each side of apical tooth; sub-
apical siphonal tuft usually conspicuously out of line; siphon relative-
ly short, index usually less than 5.0. . . . . . .13. quinquefasciatus

10. Culex (C.) pervigilans Bergroth
Figs. 14, 30, 31

1889. Culex pervigilans Bergroth 1889:295. TYPE: Holotype ¢, Greymouth,
Westland, New Zealand [Location unknown|.

Culex (C.) pervigilans of Edwards (1924:396; 1932:209); Graham (1929:216-227T;
1939:211); Taylor (1934:24); Lee (1944:109); Miller (1950:44); Miller and
Phillipps (1952:19); Mattingly and Rageau (1958:241); Stone, Knight and
Starke (1959); Dumbleton (1962:24, 25; 1965:142-143); Belkin (1962:190-191);
Nye and McGregor (1965:4-7).

Culex (C.) sp. 3, Auckland Island form of Belkin (1962:191).

Culex sp. of Harrison (1956:211).

FEMALE (Graham 1929:figs. 25-32; Miller and Phillipps 1952:figs. 32-34).
Wing: 4.5 mm. Proboscis: 2.1 mm. Abdomen: about 3.0 mm. In general sim-
ilar to members of the pipiens complex from which it is distinguished in New
Zealand by presence of dark scales in posterolateral areas and middle of ab-
dominal sternites and other characters mentioned under quinquefasciatus. Ex-
tremely variable in most features and very similar to other members of per-
vigilans complex from which it cannot be always separated. General coloration
of integument very dark, usually blackish brown on mesonotum and head; mes-
onotal scales largely elongate and straight, usually pale and contrasting sharp-
ly with mesonotal integument. Head: Decumbent scales whitish, creamy to
golden; erect scales similar in color to decumbent in the middle and in front,

a variable patch of darker scales posterolaterally, these sometimes blackish.
Labium conspicuously pale-scaled ventrally usually to apical 0.25, sometimes
pale-scaled dorsally near middle. Palpus usually with whitish, creamy or
golden scales on segments 3 and 4; these scales sometimes very conspicuous.
Flagellar segment 1 usually with distinct patch of pale scales as on palpus.
Thorax: Mesonotal scales usually predominantly whitish, creamy or golden,
sometimes a more or less conspicuous supraalar patch of shorter, more
curved, light bronzy scales. Apn and ppn scales as on mesonotum; psp usually
without hairs or scales; stp and mep scales usually pure white, rarely creamy
or golden (Auckland Is. populations). Legs: Femora usually predominantly
dark-scaled on anterior surface, rarely hindfemur indistinctly paler on ante-
rior surface ventrally, ventral and posterior light scaling restricted; knee
spots and apical hindtibial spot usually large and conspicuous, usually whitish;
lower surface of tibiae and basal tarsal segments not distinctly pale; midcoxa,
hindcoxa and extreme base of all femora with light scales; remainder of legs
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dark-scaled. Claws all without teeth and all with short fine spicules on outer
surface of base. Haltere: Upper part of stem and all of knob with pale brown
scales. Abdomen: Tergite I with small median apical patch of dark scales,
rarely with a few light scales; tergites II-VII with basal transverse light bands
which are lengthened caudad at lateral ends progressively more from III to VII,
median part straight or widened in the middle particularly on III, IV, V, light
scaling usually whitish; sternites with varied amount of dark scaling but al-
ways with at least posterolateral angles and basal median areas dark-scaled
on distal segments, pale scaling usually whitish.

MALE (Graham 1929:fig.34). Essentially as in the female. Palpus ex-
ceeding proboscis by at least full length of segment 5, sometimes more; seg-
ment 4 with white-scaled line ventrally from base to apex, segment 5 with small
basal ventral patch of white scales, segment 3 with lighter scales dorsolateral-
ly; segment 3 usually with at least 25 very long external ventral hairs in a
double row in the distal half to two-thirds; segments 4 and 5 with dense vesti-
ture of very long ventrolateral hairs on both sides. Labium without ventral pale
streak, entirely dark except for very inconspicuous lighter area around false
joint.

MALE GENITALIA (fig.14; Graham 1929:fig. 33; Nye and McGregor 1964:
figs.3a,b). As figured here and as described by Belkin (1962:190); apparently
indistinguishable from other members of the complex. Subapical lobe of side-
piece with 1-3 setae in group d-f not 1 as stated by Belkin (loc. cit.). Inner
division of phallosome short, bent as in pipiens complex; lateral arm of outer
division strongly developed, in dorsal aspect appearing angled and bearing fine
spicules internally; tergal arms very long, in dorsal aspect divergent, angled
mesad distally and extending at least to level of apex of proctiger. Basal ster-
nal process of proctiger very long, sharply curved ventrad and strongly pig-
mented.

PUPA (Belkin 1962:fig.90; Graham 1929:figs. 48,49). Abdomen: 3.7 mm.
Trumpet: 0.75 mm. Paddle: 1.05 mm. As figured and described by Belkin
(1962:190); very similar to quinquefasciatus and asteliae, and indistinguishable
from rotoruae. Trumpet relatively short and broad, index usually less than
6.0; pinna usually less than 0.25 of trumpet length; usually darkened at base
and apex and lighter in the middle. Hair 5-IV usually shorter than tergite V.
Both paddle hairs usually present.

LARVA (Belkin 1962:fig.91; Graham 1929:figs. 37-47; Lee 1944:plate 82;
Miller and Phillipps 1952:fig. 36; Nye and McGregor 1964:fig.4a). Head: 0.92
mm. Siphon: 1.55 mm. Saddle: 0.46 mm. As figured and described by Bel-
kin (1962:190); in general similar to asteliae, rotoruae and quinquefasciatus; ex-
tremely variable but readily distinguished from the above by the diagnostic
characters in the key and the following features. Head capsule uniformly mod-
erately to strongly pigmented; mental plate with 6-8 coarse teeth on each side
of median apical tooth; aulaesum very conspicuous and projecting. Antenna long
and very slender, usually at least 0.7 of head length; usually uniformly darkly
pigmented; spicules strong, usually extending distad of hair 1. Prothoracic
hairs 4,7 and 8 usually all double, rarely triple. Abdominal hair 1-III-V
usually 3, 4b; hair 6-III-VI usually double or triple. Siphon usually uniformly
moderately or darkly pigmented, sometimes darkened at base and apex; ex-
tremely variable in length but index usually about 5. 5-7.0; usually 4 subventral
tufts (1, 1a-S), subapical slightly to distinctly out of line, proximal usually dis-
tad of pecten, all longer than width of siphon but very variable in length and
number of branches. Saddle usually moderately to strongly pigmented, spicu-
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lation usually inconspicuous; hair 1 usually single. Ventral brush usually with
6 pairs of hairs. Anal gills subequal; variable in length, usually distinctly long-
er than saddle.

SYSTEMATICS. As interpreted here, C. pervigilans is readily separated
from the other 2 members of its complex, rotoruae and asteliae, in the lar-
val stage by features of the siphon and anal segment, from asteliae in the pupal
stage by the shape of the trumpet and from rotoruae in the adults by the meso-
notal scaling. Its pupa is apparently indistinguishable from rotoruae and the
adults cannot be separated with certainty from asteliae. The male genitalia ap-
pear to be very similar in all 3 species, but with more detailed study it may
be possible to separate asteliae from the other 2 species of the pervigilans
complex.

C. pervigilans is the dominant, commonest and most widespread culicid of
the New Zealand region. It exhibits a great deal of variation in nearly all fea-
tures of all stages even in the diagnostic ones, although in the latter there is no
overlap with either rotoruae or asteliae. There appears to be nearly as much
intrapopulation as interpopulation variation in most characters, suggesting that
considerable hybridization between originally isolated populations is occur-
ring at the present and probably has been going on for some time. As indicated
under quinquefasciatus thereis a suggestionof introgressionof some pervigilans
features in the populations near Auckland, and it is possible that some intro-
gression of quinquefasciatus features has occurred in pervigilans populations
in other areas.

There is considerable geographical differentiation in pervigilans in the
isolated insular populations. It is very likely that considerable mixing in these
populations has occurred as a result of transport of breeding populations from
place to place on sailing vessels and motor ships since early in the last centu-
ry. Itis, of course, possible also that some of these insular populations were
originally established through such human agency. In none of the remote insu-
lar populations is there differentiation in the larval stage approaching that found
in the ecologically separated species of the complex on the main islands of New
Zealand, even at the two extremes, Kermadec and Auckland islands, where en-
vironmental conditions must be very different.

The Kermadec population appears to be quite different from the other re-
mote insular populations but unfortunately the material is very limited. There
are only 5 fourth-instar larvae in the single larval collection. These have a
general facies quite distinct from the New Zealand populations. The pigmen-
tation of the head capsule, antenna, all hairs, siphon and anal saddle is much
lighter; the hairs are generally weaker; the anal gills are distinctly shorter
than the anal saddle; hair 6-III-V is usually triple, and prothoracic hairs 3, 7,
8-P are sometimes triple; the teeth of the mental plate are 6 or 7; the siphon is
long and slender and without marked tapering distad, its index is about 6.0-7.0;
the position of the siphonal tufts (1, 1a-S) tends to be irregular, the basal one
is sometimes with the pecten and the preapical one tends to be strongly dis-
placed dorsad. There is considerable variation in nearly all these features and
all the variations encountered are frequently found in the populations from the
main islands of New Zealand but not in exactly the same combination in a
single population. The mesonotal scaling of the adults tends to be niore yellow-
ish and the mesonotal bristles shorter than in the typical main New Zealand
populations. The male genitalia show no unusual characters; there is only 1
seta in group d-f and 8-10 bristles on the lobe of tergite IX. I see no reason
for considering this as anything but a small isolated population of pervigilans
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adapted to subtropical insular conditions.

The Chatham Islands population is the most isolated of all pervigilans pop-
ulations, this island group being about 500 miles from Cape Pallister at the
southeast end of North Island. In the adequate sample of larvae there is more
variation than is usually found in individual New Zealand collections, as would
be expected in smaller isolated insular populations, but all of the features of
the Chatham population fall within the range of variation of pervigilans on the
main islands. The general facies of these larvae is quite different from that of
the Kermadec population and appears more similar to that of the Auckland Is-
lands populations but is not markedly different from the main island populations
although it is more or less distinct. The pigmentation of the sclerotized parts
and hairs is moderate to strong; the larger hairs have strong branches; the
anal gills are usually only slightly longer than the anal saddle; the antenna
tends to be shorter than in New Zealand, the siphon is shorter (index 5.0-5.5);
the proximal siphonal tuft (1-S) tends to be within the pecten and the 2 distal
tufts usually have more branches; prothoracic hairs 4,7, 8-P are frequently
triple as is abdominal hair 6-III-V. Except for 2 males the few reared adults
are in alcohol and it is not possible to determine accurately the color of the
mesonotal scales. The male genitalia are essentially similar to those of the
main island populations; there are 1 or 2 setae in group d-f and 6-12 bristles
on the lobe of tergite IX. In the male, segment 3 of the palpus has an indistinct
line of pale scales dorsolaterally above the long external bristles and the labi-
um an indistinct pale ring around the false joint. In my opinion, the Chatham
Islands population is not sufficiently differentiated to be recogmzed as a sepa-
rate taxonomic entity.

The Auckland Islands populations are of considerable interest because they
are found near the southern known limit of occurrence of the family. The lar-
vae in the 3 collections are quite similar and are not markedly different
from the Chatham Island population except that they usually have more branches
in abdominal hair 6-III-V (5-7), prothoracic hairs 4,7, 8-P are more frequent-
ly triple and may have even 4 or 5 branches, and the siphon is a little longer.
As in the other isolated insular populations there is a great deal of individual
variation in larval characters. The sample of adults is very small but very in-
teresting because of apparent striking differences between the Ranui population
on the main Auckland Island and the population on the adjacent very small
Ocean Island. The Ranui adults are of normal size and coloration and the
lobe of tergite IX bears 6-9 bristles. The Ocean Island adults are the largest
I have seen (wing length of female, 6 mm), the light scaling of the head and
thorax is distinctly yellowish and the lobe of tergite IX of the male genitalia
bears 16-18 bristles. Males of both populations have a distinct line of whitish
scales in the middle of segment 3 of the palpus above the long external bristles;
Ranui males have an indistinct narrow pale ring around the false joint of the
labium and in the Ocean Island males this light ring is much larger and more
conspicuous; one male from Ranui has 2 setae in group d-f, all the others have
only one. In females of both populations the light ventral scaling of the labium
extends dorsad to form an indefinite broad pale ring which is larger and more
conspicuous in the Ocean Island population. If any population of pervigilans
deserves recognition as a separate taxonomic entity, it is the Ocean Island one.
However, before this is done, more material is needed to evaluate the puzzling
situation of the presence of 2 apparently distinct populations in the Auckland Is-
lands. Several possibilities exist to account for these different populations in-
cluding the presence of an indigenous form and the introduction of one or more
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populations at different times in the past.

I have made no attempt to analyze critically the populations of pervigilans
from the main islands of New Zealand and the adjacent small islands. This
would require a special study with more material than I have available. How-
ever, a superficial examination reveals a great deal of variation in all stages
without any clearindication of geographical differentiation. In the larva partic-
ularly, there is bewildering variation in nearly all features: in the length and
pigmentation of the antenna; in the pigmentation of the head capsule and the
branching of head hairs; in the branching and character of the larger thoracic
and abdominal hairs; in the length and shape of the siphon, the number of pec-
ten teeth, and the branching, distribution and character of the siphonal tufts;
and in the length of the anal gills. However, there is no significant overlap in
any of the characters which are diagnostic of rotoruae and asteliae in the larval
stage; the antenna is never as short as in rotoruae and the ventral brush never
has 7 pairs of hairs as in this species; the siphonis never as long as in asteliae
and never has the characteristic arrangement and branching of the siphonal
tufts of this species. In the pupa, the pinna of the trumpet is extremely variable
and sometimes approaches the condition in quinquefasciatus. In the adults, the
mesonotal and head scaling also show a great deal of variation, some of which
is probably due to the partially teneral condition of the reared specimens. In
the male genitalia the most conspicuous variation is found in the number of
setae in group d-f (1-3) and the number of bristles on the lobe of tergite IX (6-
13); in the case of the latter, however, the number seems to be relatively con-
stant within a given population.

BIONOMICS. C. pervigilans is the dominant and most widespread culicid
of the New Zealand area, probably because of its wide tolerance of environmen-
tal conditions as shown by its very wide range of breeding sites. It has been
reported by Graham (1929:221, 226) to breed in all types of ground waters,
still and with moderate flow, clean and contaminated, fresh and with as much
as 75 % sea water, and from a multitude of small and large artificial containers.
In our field work we found pervigilans most commonly in natural breeding sites
(stream margins, springs, pools, ponds and swamps) and in ditches and drains,
and much less frequently in various types of artificial containers (concrete cis-
terns, metal tanks, drums and pans). This species has been found associated
with all other culicids breeding in artificial containers and ground waters ex-
cept O. fuscus and A. chathamicus. Breeding continues throughout the year at
least around Auckland (Graham 1929:226).

C. pervigilans is apparently a serious nocturnal domestic pest in some
years both in cities and rural areas (Graham 1929:219) but does not seem to
attack man readily out of doors or in the field. All of our adult collections
were made in buildings. The natural hosts of pervigilans are probably birds.
Ross, Austin et al (1963) have isolated viral agents from pervigilans.

DISTRIBUTION (figs.30,31). Most widely distributed culicid of the New
Zealand area from Kermadec Islands to Auckland Islands and Chatham Islands.
Material examined: 4180 specimens; 327 &', 364 @, 2805 larvae, 684 pupae; 170
individual rearings (82 larval, 66 pupal, 22 incomplete).

KERMADEC ISLANDS. Raoul Island: Station cistern, 28 Sept 1962, G. A.
Samuelson (89), 63 L [BISH]. Bell's Ravine, elev. 75 m, Malaise trap, G.A.
Samuelson, 7-12 Sept 1962, 12, 13-14 Sept 1962, 17 @ [BISH]. N Slope Ridge,
elev. 150 m, light trap, 6-11 Oct 1962, G. A. Samuelson, 1 & [BISH]. Locali-
ty not specified, 9 Oct 1908, 3 & [CANT|; Aug 1908, 1 &, [WELL].

NEW ZEALAND. North Auckland: Waipapakauri, 26 June 1944, G. L.
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Bissett (371), 1 L [NELS]. Awanui, 16 Feb 1944, W.J. Phillipps (43), 1 L
[NELS]. Whangaroa, 1@ [WELL]. Kaeo, 3 mi S on route 10, 20 Dec 1963,
1963, BS (NZ 39), 11pd (39-101), 10 L [UCLA]. Mangamuka Gorge, 2 mi N
of Soda Spring, 21 Dec 1963, BS (NZ 41), 71 L [UCLA]. Ngawha, 16 Feb 1944,
W.J. Phillipps (46), 3 L [NELS]. Opua, 3 mi S of turnoff on Kawakawa-Paihia
road, 20 Dec 1963, BS (NZ 38), 2 L [UCLA]. Waipoua forest, 19 Mar 1945,
W.J. Phillipps (642) 3L [NELS] Whangarei, 8 Jan 1919, D. Miller, 3 &
[BMNH]; 10 Jan 1919, D. Miller, 1 d, 2 Q [BMNH]. Ruakaka, 1 mi$S on high-
way 1, 20 Dec 1963, BS (NZ 36), 4 1pd (36-101, 106,108, 109), 1 1p9 (36-110),
1 po (36-102), 3 p? (36-103-105), 2 1p (36-107,112), 15, 29, 111 L, 12 P
[UCLA]. HenIs (Taranga), 1925, 1J [WELL]. Wellsford, elev. 100 m, 31
May 1964, F (NZ 188), 4 L. [UCLA]. Martins Bay, Mahurangi Heads, 26 Dec
1964, F (NZ 196), 1 L [UCLA]. Parakai, 18 July 1918, D. Miller, 1d, 2 ¢
[BMNH]. Hobsonville, 25 Oct 1944, G. L. Bissett (419), 1 L [NELS]. Bethells
Road Swamp, 9 May 1964 F (NZ 184 1 L [UCLA]; 10 Jan 1965, F (NZ 200B),
1L, 2P [UCLA]J; 12 Jan 1965 F (NZ 202), 1 L [UCLA]. Waitakere Ranges,
Quarry tributary of Waitakere River, 18 Dec 1963, BS (NZ 35), 4 L [UCLA],
0.25 mi S from main turnoff to Karekare from Piha Road, 14 Jan 1964, S (NZ
97), 70 L, 1 P [UCLA]; 2 Nov 1944, G.L. Bissett (442), 1 &, 19 [NELS].
Oratia, DSIR Field Station, 22 Dec 1963, BS (NZ 45), 7 L. [UCLA]; 30 Dec 1963,
S (NZ 66), 7T L [UCLA]. Titirangi Beach 30 Dec 1963, BF(NZ 64), 1 L[UCLA].
Titirangi, 9 Jan 1946, G. L. Bissett (831) 3 L [NELS] 18 Mar 1946 G. L.
Bissett (891), 19 [NELS] swamp in field near forest, 1 July 1946, G.L. Bis-
sett (975), 1 L [NELS]. Takapuna, 1943, W.J. Ph1111pps 1 [WELL] Devon-
port, Shoal Bay, 18 Jan 1917, D. M111er 1 d [BMNH]. Northcote, Clarence
Road, 30 Sept 1963, S (NZ 9), 15, 33 L, 4P [UCLA]. Auckland, Arch Hill,
catch basin, 3rd Ave, 26 Mar 1919, D. Miller, 10, 19 [BMNH]; Avondale, 23
Nov 1965, F (NZ 216B), 1 @ [UCLA]; Cabbage Tree Swamp, 26 Mar 1919, D.
Miller, 1 @ [BMNH]; Ellerslie, gully swamp, race course, 24 Mar 1919, D.
Miller, 1, 1@ [BMNH]; Kaitaria Swamp, 2 Feb 1917, D. Miller, 15 [BMNH];
Kohimarama, 29 Apr 1946, G. L. Bissett (926), 2 L [NELS]; Mt. Albert, 1916-
1925, A.E. Brooks, 7 d, 3 2 [BMNH]; Mt. Wellington, 14 June 1945, G. L.
Bissett (736), 2 ', 1 @ [NELS]; Newton, 22 Feb 1944, Francis, 3 d, 119
[WELL]; Owairaka, 2 July 1946, G. L. Bissett (976), 2 &, 2 ¢ [NELS]; Penrose,
18 May 1944, G.L. Bissett (328), 1 L [NELS], 15 July 1946, G.L. Bissett (990),
4 L. [NELS]; Three Kings, 11 July 1946, G. L. Bissett (982), 6 L [NELS]; West-
mere, 17 Nov 1944, G. L. Bissett (464), 1 L [NELS], 11 Jan 1946, G. L. Bis-
sett (836), 2 L [NELS]|. Auckland, locality unspecified, 27 July 1923, O. H.
Swezey, 1 @ [BISH]; 18 Dec 1941, T.R. Rabone, 1 &, 1 @ [AUCK]; ex spring,
20 Jan 1950, K. Wise, 19 [AUCK]. Mangere, 7 Jan 1965, F (NZ 201), 1%, 1P
[UCLA]; 26 Oct 1950, K. Wise, 19 [AUCK]; Oct 1950, K. Wise, 1 ¢ [AUCK].
Howick, 24 May 1917, A.E. Brookes, 1d, 2 2 [BMNH]. Hunua Range, 1 Jan
1916, A.E. Brookes, 1 2 [BMNH]. Pukehoke, sewage oxidation plant, 25 May
1964, F (NZ 186), 11p% (186-112), 1 pQ (186-111) [UCLA]. Tuakau, 9 June
1964, F (NZ 190), 1 1pd (190-121) [UCLA].

Little Barrier Island: Near Ranger's house, 9 Oct 1963, S (NZ 10), 16 L
[UCLA]. Near Ranger's chicken house, 6 Mar 1964, S (NZ 129), 1 1pd (129-
104), 11p9 (129-103), 3 po* (129-102, 109, 112), 7 pQ (129-108, 110, 111, 113-
117), 5, 14 @, 38 L, 41 P [UCLA]. Small stream between Te Waikohare and
Tirikikawa streams, 9 Oct 1963, S (NZ 11), 3 1pd (11-102, 106, 107), 4 1p?
(11-101, 103-105), 2 1p (11-108, 110), 3 &, 38 L, 3 P [UCLA]; 6 Mar 1964, S
(NZ 128), 1 pd (128-118), 3 pQ (138-101, 102,115), 41 &, 14 @, 112 L, 80 P
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[UCLA]. Summit Track, elev. 267 m, 9 Oct 1963, S (NZ 12), 1 L. [UCLA]. Be-
tween Lamb Bay creek and Awaroa stream, 31 Oct 1963, S (NZ 20), 4 &, 5 2,
19 L, 8 P[UCLA]. Awaroa stream, 0.5 mi upstream, 31 Oct 1963, S (NZ 22A,
B), 3d, 10 L, 5P [UCLA]; 0.25 mi upstream, 31 Oct 1963, S (NZ 23A, B),
6, 3 9 24 L 10 P [UCLA]. Waipawa stream, 6 Mar 1964 S (NZ 130) 31p¢?
(130 112-114), 1 pd (130-109), 6 pQ (130- 110, 111 115-118), 17, 159, 73 L,
45 P [UCLA]. Tirikikawa stream, 8 Mar 1964 S (NZ 131), 1 L [UCLA]

Great Barrier Island: Shoal Bay, 25 Oct 1963, S (NZ 16), 1 1pd (16-105),
14 L [UCLA]. Te Wairere stream, 26 Oct 1963, S (NZ 17), 3 L, 1 P [UCLA].
Locality not specified, 16 Feb 1919, D. Miller, 1 &' [BMNH].

Cuvier Island: 13 Mar 1963, S (NZ 136), 1 L. [UCLA].

South Auckland: Coromandel, 25 Apr 1964, N (NZ 220), 19 L. [UCLA]. Te
Puke, Prew Orchard, 31 Mar 1964, S (NZ 142), 5 L [UCLA]. Karapiro, 25 Jan
1946, A.W. Jamison (852), 3 &, 3 9 [NELS]. Te Kuiti, 18 Dec 1944, G. Milne
(500), 1o, 19; 30 Jan 1946, J. Beattie (853), 2 &, 19 [NELS].

Gisborne: Waioeka Gorge 19 Nov 1963, S (NZ 29), 1¢, 18 L, 2 P[UCLA].
Ormond, 17 Nov 1963, S (NZ 28), 4, 3¢, 18 L, TP [UCLA]; Walhlrere Do-
main, 28 Mar 1964, S (NZ 140), 3 L [UCLA] Hexton 26 Dec 1963, BS (NZ
50), 3 1p9 (50-101-103), 2 po* (50-106, 110), 5 pQ <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>